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“SUSE a Fluccer of 
_ pressure. 


Less than 2 grams of force actuates this Cherry snap-action 
miniature switch. Outside, a 234” long aluminum lever 
provides unusually low operating force. Inside, an extra 
internal actuator reduces operating force even more while 
maintaining solid contact pressure for reliable performance. 


Our unique light force miniature design is available with 
other external levers offering operating forces ranging from 
3.5 to 15 grams...rated 3 amps, 125VAC. Gold crosspoint 
contact versions bring this same, dependable switching to 
your low energy (0.1 amp) solid state circuits. Or, choose 
higher electrical ratings of 5, 10 or 15 amps with increased EXTRA INTERNAL ACTUATOR 


.but still low...operating forces. reduces force required at button plunger while 
maintaining solid contact pressure. 
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flat pack mixers 


...Innovated by Mini-Circuits for rugged applications 


Model LMX-113 


Rugged Pins Superior Electrical 
heavier 25 mil. Characteristics 
dia. leads resists FREQUENCY RANGE, (MHz) 
wire breakage LO, RF 5-1000 
IF DC-1000 

CONVERSION LOSS, dB. TYP. MAX. 
Guaranteed : one octave from bandedge 6.2 7.0 
for hermeticity total range : tO: B88 
every unit must ISOLATION, dB TYP. MIN. 


5-50 MHz LO-RF 50 45 


pass MIL-STD 202 


LO-IF 45 40 





test method 112B 50-500 MHz LO-RF 40 30 
condition A and C LOW. 35 <5 
500-1000 MHz LO-RF 30 20 
withstands a Bo See 
3 SIGNAL 1dB Compression Level 

wave soldering stronger tough OdBm min 
punishment glass seals competitive pricing 
reliable pc board prevents only $4476.24 
assembly eliminates cracking ty te, We 
open circuits common when leads the cost of aS 
with conventional | are bent and HIRING ROWE MS 

conventional setting higher standards 
flat packs. Every handled. flat packs ae eS 
unit subjected fo C7 Minti-Circuits 
thermal shock testing Mae ee OU re 
MIL-STD 202 method 107 2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 
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value-added 


<R 
computer-automated performance data 
...atnoextracharge 





Fully detailed specs on mixer conversion loss, isolation, | Needdataatfrequenciesotherthan those supplied? 
VSWR, and intermod characteristics. No more guessworkon Noproblem...justcontactusandwe'llcomply promptly. 
how your selected mixer will interact with filters, see how CAPD—exclusive with Mini-Circuits. 

critical parameters vary with frequency, spot in-band 

spurious responses, observe how LO drive variations affect finding new ways... 

VSWR and intermod...with precise data points generated setting higher standards 


from a computer controlled HP 8566A spectrum analyzer. Ld Mini-Ci rcuits 


A Division of Scientific Components Corporation 
World's largest manufacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn, New York 11235 (212)934-4500 
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on Computer-Aided Engineering 











Solving sophisticated desi 
calls for a lot of software. But the 


you have to write it. 


To make the best use of your 
engineering skills, you need to 
be free from doing lots of rou- 
tine, time-consuming calcula- 
tions. And free from having to 
re-invent the wheel each time 
you tackle a specific problem. 

That’s why at HP, we’re 
building a library of affordable 
software solutions for engi- 
neers. With over 50 EE pack- 
ages already available, it’s a 
good bet we have one that 
closely matches your needs. 
From PC board design to cir- 
cuit simulation to waveform 
analysis. And that means a run- 
ning head start on getting your 
product to market. 


A faster way | 
around the circuit. 


Our new Engineering Graph- 
ics System (EGS/45), for ex- 
ample, can help you create 
printed circuit board artwork, 
electronic schematics, general 
engineering drawings and tool- 
ing output to numeric control 
equipment. In as little as half 
the time it would take manually. 


And because all “drawing” is 
done with easily manipulated 
symbols on the CRT, you'll do 
it with increased accuracy, bet- 
ter quality and more flexibility. 

Getting your design com- 
pleted faster is also the idea 
behind our new HPSPICE cir- 
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cuit simulation software. With 
HPSPICE, you can quickly sim- 
ulate, analyze and verify the 
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pr oblems 


operation of electronic circuits, 
__and graph the output on one of 
our HP graphics peripherals. 
The result is less time spent in 
the breadboard and debugging 
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stage, and more time on impor- 
tant design tasks. 

The list goes on. Including a 
Statistical Analysis Pac that 
combines software programs 
for statistics, data manipulation 
and regression analysis into 
one integrated package. And an 
Electronics Engineering Pac 
that contains programs for 
A.C. circuit analysis, waveform 
analysis and math. 


Part of a bigger 
Story. 


There are engineering solutions 


available to run on a wide range 


of HP systems, from personal 


- computers to desktops t to our 


larger 
HP 1000 
systems. 
Our soft- 
ware pack 
ages are 




















also part of HP’s Manufactur- 
ers Productivity Network 
(MPN), a step-by-step approach 
to linked computer solutions | 
throughout your company. 

In addition, many programs 
are available from third parties 
under our HP PLUS program, 
in which we work with software 
suppliers to bring competitively 
priced, quality solutions to the 
marketplace. 

To find out more about our 
software and hardware pro- 
ducts for electrical engineers 
(including any of the titles you 
see here), contact your local HP 
sales office listed in the White 
Pages. Or, write for more infor- 
mation to Hewlett-Packard, 


Attn: Franz Nawratil, Dept. 


20132, 11000 Wolfe Road, 
Cupertino, CA 95014. 
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The New PIC1670 Microcomputer. 
The Obvious Choice. 


Compare the new PIC1670 
microcomputer to the competi- 
tion and see for yourself how its 
unique architecture provides 
superior performance and 
cost-effectiveness. 


As the comparison chart plainly 
shows, the new generation PIC™ 
microcomputer—the architecturally 
advanced PIC1670—is clearly 
ahead of the competition in virtually 
every Category. Yet for all its high 
performance and proven efficiency, 
you dont pay a higher price. You do 
get a microcomputer that meets the 


GENERAL 
INSTROMENT 


14 





demands of your most challenging 
designs, fast prototype turnaround, 
and on-time delivery. 


The architectural advantage that’s 
the hallmark of all PIC microcompu- 
ters, gives the new PIC1670 more 
efficient bit handling capability. It 
can test and skip on bit status, 
rather than rely on the masking 
technique of coventional micro- 
computers. In addition, the PIC1670’s 
innovative 13-bit instruction word 
gives it Superior performance com- 
pared with conventional 8-bit micro- 
computers, and it uses far less 
ROM for significant cost savings. 





Also new to the PIC family is the 
PIC16C55 low power CMOS micro- 
computer which operates over a 
wide voltage range of 2.5 to 6V and 
draws only 2mA. And remember, 
while these devices are the latest 
generation of PIC microcomputers, 
they are by no means the last. 


To learn more about the PIC micro- 
computer family call the General 
Instrument Microelectronics office 
nearest you. 


We help you 
compete.® 


Sales Offices USA: CA, 213-322-7745 or 408-496-0844: FL, 813-577-4024: 

IL, 312-981-0040; IN, 317-872-7740 or 219-291-0585; MI, 313-391-4070; MD, 301-269-6250: 
NC, 919-876-7380; NH, 603-424-3303; NY, 516-733-3107; PA, 215-643-5326; TX, 214-934-1654: 
EUROPE: Frankfurt, (6103) 23 051; London, 01-439-1895; Milano, (02) 720914: 

Munchen, (089) 27 24 049; Paris, (1) 365 72 50; Stockholm, (08) 679925; 

ASIA: Hong Kong, (5) 434360; Taipei, (02) 914-6234: Tokyo, (03) 473-0281 
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News Breaks 


CAD SYSTEM SUPPORTS IC DESIGN, FABRICATION 


A complete single-user chip-layout system, a symbolic gate-array aoeien package and a 
fabrication agreement with Master Logic (Sunnyvale, CA) combine to provide what VIA 
Systems Inc (Billerica, MA) terms cradle-to-grave IC-development support. The firm’s CAD 
system supports fully custom IC-design functions as well as manual gate-array placement and 
routing, using a function library and a 5-um ISO-CMOS chip design developed by Master Logic. 
VIA’s $90,000 LSI-11/23-based Model 110 workstation features a 640 x 518-pixel color- 
graphics display, a 35M-byte Winchester disk drive, a 17M-byte cartridge tape drive, on-line 
design-rule-checking software and a data tablet. The $140,000 Model 130 system adds an 
800/1600-bpi, 75-ips tape drive plus pattern-generation; Applicon-, Calma- or MANN-9400- 
interface; and macroprogramming software. Both systems run RSX-11-based software 
(operating system not included) and thus accommodate a range of applications software. 





Using VIA’s GATES (Gate-Array Technology and Engineering Support) software, you can 
design 50-, 200- and 400-gate circuits compatible with specially designed Master Logic chips. 
The arrays’ constant-width routing channels and highly regular cell structure facilitate 
manual interconnection design using a preprogrammed function library. You can purchase 
chips directly from Master Logic or order prototypes through VIA; Master Logic offers design- 
support services for array users, and VIA offers applications-support contracts and cell- 
library update subscriptions.—Andy Rappaport 


LARGER SCOPE SCREENS EASE VIEWING, MEASUREMENTS 


Incorporating 9.5 x 12-cm graticules to simplify readings, Hewlett-Packard’s (Palo Alto, CA) 
Models 1745A ($2840) and 1746A ($3140) achieve the measurement accuracy of the firm’s 
100-MHz 1740A, which uses an 8x 10 graticule. The more than 40% increase in screen size 
improves visual resolution, especially in calculations such as rise time, while an antireflective 
coating provides a sharp trace without annoying reflections. A third-channel trigger-view 
feature on both units lets you display the trigger signal along with the two vertical channels. 
Finally, when you combine the 1746A’s dual-marker delta-time system with an optional 
DMM, you can read out time intervals with accuracy near +0.5%.—Paul G Schreier 


LOW-COST KIT HELPS EVALUATE 5%4-IN. HARD-DISK DRIVES 


Offering a fast and inexpensive opportunity to check out its 54%4-in. SA600 hard-disk drives, 
Shugart Associates (Sunnyvale, CA) furnishes an evaluation kit that contains an SA604 
6.66M-byte drive, an SA1410A intelligent controller, cables and documentation. The kit sells 
for $995 to qualified OEMs through Hamilton/ Avnet distributors.—George Kotelly 


6800/6809 NETWORKING SOFTWARE TO ALLOW RESOURCE SHARING 


Software Dynamics (Anaheim, CA) plans to extend the capability of its SDOS operating 
system: Beginning in December, you’ll be able to add SDNET—a networking software package 
that will allow multiple processors to share expensive peripherals and dedicated system 
hardware. SDNET will tie together as many as 255 local computers via a twisted wire pair; 
data rates will run as high as 125k bps. The software’s message protocol resembles Ethernet 
packets; cost will be approximately $150.—Ed Teja 


RUGGEDIZED PORTABLE DMM FEATURES 10A AC/DC RANGES 

Suited for use in rough environments, Beckman Instruments’s (Brea, CA) $189 Model 
HD-110 portable DMM meets MIL T-2880 shock and vibration specs and thus can withstand 
accidental drops. The 3'2-digit instrument is waterproof and dustproof and withstands 
voltage inputs to 1500V dc or 1000V rms and current to 2A/600V. (It safely handles 20A 
unfused for 30 sec.) Resistance ranges are protected to 600V dc. Peak measurement ranges 
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News Breaks 


include 1500V dc, 1O00V ac, 20 MQ plus 10A ac or de. The instrument’s LCD allows 
continuous 2000-hr operation from a 9V alkaline battery.—Paul G Schreier 


CMOS GATE ARRAYS REQUIRE NO POLYSILICON 


Plessey Semiconductor’s (Irvine, CA) CLA Series ISO-CMOS gate arrays feature &-layer 
metallization and no polysilicon. By allowing intergate connection without using highly 
resistive polysilicon layers, they provide 3.5-nsec typ NAND-gate delays and worst-case 
propagation time of 7 nsec with a fanout of 3. In addition, the &-layer-metallization system 
permits typical silicon utilization of 85 to 90%. The 5-um-geometry array series comprises 
three versions: CLA-2500 parts include 2400 gates; CLA-2300 arrays, 1440; and CLA-8100 
devices, 840. Plessey expects to introduce 2000- and 500-gate versions late this year. 


To facilitate rapid array design, the firm offers an automated design system that supports 
circuit simulation, computer-aided interconnection routing and test-vector generation. Array 
prices vary with size, complexity and vendor support required.—Andy Rappaport 


MULTITASKING INDUSTRIAL CONTROLLER DOUBLES AS PERSONAL COMPUTER 


Consisting of two boxes, each the size of a personal computer, the less-than-$10,000 
Macsym 350 from Analog Devices Inc (Norwood, MA) combines the functions of a personal 
computer with those of an industrial control system. The first unit, a system console, contains 
an 8086/8087 chip set, 128k bytes of RAM, a graphics controller, dual floppy-disk drives 
(320k bytes each), a separable keyboard and a black-and-white graphics monitor. The console 
also provides six slots for memory expansion, an RS-238 or -488 port and IHEE-488 
capability. The second box, a measurement front end, ties to the system console over an 
RS-422 link. It uses an 8088 and 128k bytes of RAM and provides 16 slots for any Macsym- 
family I/O boards, which allow screw-terminal connection to transducers, sensors and 
activators. You program the unit in MACBASIC (measurement and control BASIC), and the 
system handles 18 simultaneous tasks in real time. Because it’s CP/M-86 compatible, the 
system also runs widely used word-processing, spreadsheet and other application 
packages.—Paul G Schreier 


MULTIBUS-COMPATIBLE 1-CARD COMPUTER COMBINES UNIX AND A 68000 yP 


Heurikon Corp (Madison, WI) has unveiled its HK68 single-board computer, which 
furnishes both the 68000 pP and Bell Labs’s UNIX operating system. The Multibus-compatible 
board also provides four serial ports, DMA, a memory-management unit, two iSBX connectors, 
two ROM sockets and on-board memory space for as much as 1M bytes of RAM. Fully loaded, 
it costs $3895.—Ed Teja 


64K CMOS ROM UPDATES CONTENTS UPON ADDRESS CHANGES 


Consuming 50 »A in standby and 5 mA operating, the 8k x 8 HCMP 23C64 static CMOS ROM ~ 
from Hughes Solid State Div (Newport Beach, CA) updates its output when any address 
changes. It operates from one 4 to 6.5V supply; at 5V, typical access time equals 550 nsec. The 
$8.90 (10,000) device comes in 24-pin hermetic ceramic or plastic DIPs.—Paul G Schreier 


FOR YOUR CALENDAR... 


The 1982 Global Telecommunications Conference (formerly the National Telecommunications 
Conference) is slated for November 29 to December & at the Sheraton Bal Harbour Hotel in 
Miami, FL. At this 4-day conference, the theme ‘‘Communications—A Synergistic Technology”’ 
will be explored through discussions on local-area networks, fiber optics, mobile radio, 
satellite communications, computer/communication security, network performance 
evaluation, teleconferencing, LSI/ VLSI communication systems, speech/signal processing 
and voice/data integration. For more information, contact Dr Liang Li, publicity chairman, 
Gould SEL, Box 9148, Ft Lauderdale, FL 33310, or phone (305) 587-2900.—Joan Morrow 
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Match up with Dale... 


SAMPLE A FREE CONNECTOR 
AND DISCOVER A 
DEPENDABLE SOURCE. 


heck our connector “sampler” below and send for a free 





tory support. And something else valuable to discover: Dale’s 
line of rack and panel and edgeboard connectors has grown 


Dale part to match one of the listed numbers you’re 
using now. We’re ready with much more than just a free 
sample: On-time delivery. Competitive pricing. Strong fac- 


significantly — including new .100” and .125” edgeboards 


now in production. Remember, the series shown below is just 


a fraction of the ways Dale can interchange with your pre- 
sent connector supplier. So don’t hesitate to write or call if 
the model or manufacturer you want to sample isn’t listed. 


Here’s your chance to get the Dependable Dale name on your 
connector prints. 
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MAIL TODAY FOR YOUR FREE SAMPLE 


On the coupon below, list the model number you want to 


Continental 
500-6-XS XX 
3SMX-20P XXX 
3SMX-20S XXX 
X-20PX 
X-20S X 
CMMX-22S XX 
MMX-22P XX 
MMX-22S XX 
G2-20P 
G2-20S 
G4-20P 
G4-20S 
W4-20P 
W4-20S 


Positronics 
SGMXF XXX 
SGMXMXXX 
SLMXFXXX 
SLMXMXXX 


U.S. 
Components 
UM1-XMXX 
UM1-XFXX 
SSM1-XMXX 
SSM1-XFXX 
SM1-XMXX 
SM1-XFXX 
CUM1-XFXX 
M1-XF-X-XX 
M1-XM-X-XX 
Winchester 
MRAXPXX 
MRAXS XX 
MRE XPXX 
MRE XS XX 
SLE XPXX 
SLE XS XX 
SRE XPXX 
SREXS XX 
SRMXPXX 
SRMXS XX 


Viking 

3VNX/95XXX 
3VHX/1J5 XXX 
3VNX/9C XXX 
3VHX/1C XXX 
2VNX/9AXXX 
2VHX/1AXXX 
2AHX/1AXXX 


Amphenol 
143-XXX-01 
143-XXX-03 
143-XXX-07 
143-XXX-13 
225-XX2X- X01 
225-XX2X-X04 
225-XX2X-X10 
225-XX2X- X07 


Winchester 
HWXCXX 
2HW XC XX 


DALE ELECTRONICS, INC. HWxXDxx 


East Highway 50, Yankton, SD 57078 


_] Deliver a Dale connector (no 
charge) matching this series from the list above: 


COMPANY 


ADDRESS 


(MODEL NO.) 


2HW XD XX 
HCBXS XX 


STATE 


sample from the series listed. Attach this ad to your company 
letterhead and mail to the address below. Your Dale 

representative will deliver the sample. If you can’t wait or if 
you need to see a model not listed here, phone 605-665-9301. 


HCBXD1 XX 
HCBXD2XX 
HKXS XX 
HKXDXX 
HCAXS XX 
HCAXD2XX 


Eico 

6307X472X 
6064X061 X 
6007X457X 
6007X938X 


Sullins 

EMAXDRMXX 
EMAXDRS XX 
EZAXDRMXX 
EZAXDRS XX 
EMC XDRMXX 
EMCXDRSXX 
EZCXDRMXX 
EZCXDRS XX 
EMMXDRT XX 
EZMXDRT XX 
EMMXDRE XX 
EZMXDRE XX 
EMMXSRT XX 
EZMXSRT XX 
EMMXSRE XX 


ZIP 





E ZMXSRE XX 
EMMXDRXXX 
EMMXDRUXX 
EZMXDRXXX 
EZMXDRUXX 


Methode 

180-X9 X- XX 
280-X9X- XX 
180-X0X-XX 
280-X0X-XX 
180-X2X-XX 
280-X2X-XX 
181-XOX-XX 
281-X0X-XX 
181-X1X-XX 
281-X1X-XX 
279-X0X-XX 
279-X5X-XX 
279-X4X-XX 
173-00X-XX 
173-04X-XX 
173-20X-XX 
173-24X-XX 
172-00X-XX 
172-03X-XX 
172-20X-XX 
172-23X-XX 


Micro Plastics 

MP-0100-X-DW-X 
MP-0100-X-DS-X 
MP-0125-X-DW-X 
MP-0125-X-DS-X 
MP-0156-X-DP-X 
MP-0156-X-DS-X 
MP-0156-X-SP-X 
MP-0156-X-SS-X 





DALE ELECTRONICS, INC., EAST HIGHWAY 50, YANKTON, SD 57078 
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News Breaks i | International 


JAPANESE FIRMS PLAN TO EXPORT 16-BIT PERSONAL COMPUTERS TO USA 


Several major Japanese electronics firms that are concentrating their domestic efforts in the 
low end of the personal-computer market will be competing soon with US makers of 16-bit 
personal computers. Expect Mitsubishi, Sord and Toshiba to export systems before the end of 
this year; Matsushita, Hitachi and Sanyo should bring their 16-bit computers to the US by 
next April. Most of these Japanese systems should be software compatible with the IBM 
Personal Computer.—Joan Morrow ; 


JAPANESE CAD/CAM PC-BOARD SOFTWARE TO MAKE USA DEBUT 


Hewlett-Packard and Zuken Shori-Gijutsu Kenkyusho (Yokohama) have signed an 
agreement that allows the Palo Alto, CA firm to market Zuken’s CAD/CAM software in Europe 
and North America. Zuken unveiled the System 2000 package at the Auto Fact 4 CAD/CAM 
show in Philadelphia this month and expects to ship $3 million worth of the software in 
1 yr.—Joan Morrow 


FIRM PLANS GATE-ARRAY EXPORTS, INTROS 64k DYNAMIC RAM 


Mitsubishi Electric Corp will supply an estimated 1000 gate arrays to IPL Systems of 
Massachusetts. IPL should use the gate arrays in an IBM plug-compatible machine that will 
compete with IBM’s 4300 Series. 


Separately, Mitsubishi has developed a 64k dynamic RAM featuring 100-nsec access time. 
Four versions of the device, which uses one 5V power supply, sell for 5500 yen ($14) in 
plastic; $16.80 in ceramic.—Joan Morrow | 


JAPANESE SEMICONDUCTOR FIRMS INCREASE CAPITAL INVESTMENTS _ 


Because of the worldwide shortage and demand for 64k RAMs, Nippon Electric, Fujitsu Ltd 
and Toshiba Corp have re-evaluated their investment programs for fiscal 1982. NEC has put 
another $16.7 million into its production of 64k dynamic RAMs and microcomputer chips. 
Toshiba has added $41.7 million from its original $108 million investment and Fujitsu plans 
to spend a total of $172 million in semiconductor production during this fiscal 
year.—Joan Morrow 


VLSI MEMORY TESTER SIMULTANEOUSLY EXAMINES FOUR DEVICES 


The DIC-8020B/E from Ando Electric Co simultaneously tests four memories when used 
with the firm’s parallel automatic handler. The 50 million yen ($120,000) 20-MHz system 
features a 64-bit x 256-word microprogram memory that allows generation of complex test 
patterns without a dummy cycle. By keying in the monitor command, a user can collect 
evaluation data without altering the test program during line test. Although the system is 
designed for 64k dynamic RAMs, it can also accommodate 256k dynamic RAMs or large- 
capacity static RAMs or ROMs.—Joan Morrow 


HITACHI, NEC TO ESTABLISH US DESIGN CENTERS 
Hitachi Ltd is expected to set up a US base for the design and development of microcomputer 


chips. Tentatively named Application Laboratories, the center will employ American software- 


development engineers. 


Nippon Electric Co will also establish a US software-development center for microcomputer 
chips. This new company will originally be organized as part of NEC Electronics USA but later 
become an independent firm that will also accommodate the software needs of the parent 
company in Japan. Nippon also plans to hire US software engineers.—Joan Morrow 








: For more information on Leasametric Inc., Circle No. 217 — as 
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YOU CAN BUY. 

















Its for rent! 


Motorola's EXORmacs™ 
microcomputer develop- 
ment system has an inherent 
head start over every other 
development system for the 
powerful M68000 Family of 
microprocessors: it’s made by 
the people who designed the 
M68000 Family in the first 
place. And, EXORmacs users 
are the first to have access 
to support for the latest 68000 
series innovations. For 
example,the MC68010, a 
virtual machine version of the 
MC68000, can be developed 
on the assembler available 
on the EXORmacs right now. 
As you might expect, then, 
you get comprehensive sup- 
port for your 68000-based 
projects. This includes hard- 


ware development support, 
test and diagnostics, applica- 
tion support, training, and 
an extensive family of 
publications. 

Utilities include a CRT editor, 
structured macro assembler, 
a linkage editor, and symbolic 
debugger. These operate under 
a comprehensive modular 
operating system that permits 
protected real-time multi- 
user and multi-tasking opera- 
tion as well as logical I/O 
and file management. Develop- 
ment software is available 
for both the popular Pascal 
and FORTRAN languages. A 
user HELP subsystem and 
powerful but simple user com- 
mands let your development 
team put your application 


EXORmacs and VERSAbus are trademarks of Motorola Inc. 





together efficiently and with 
minimum delay. 

Other helpful advantages 
of the EXORmacs system 
include from 4 megabyte 
to over 4 megabytes of RAM — 
the largest RAM capability 
available. Functional keys can 
be software-defined. And, 
EXORmacs comes with a 
sophisticated set of system 
self-diagnostics. Plus, the 
EXORmacs backplane 
VERSAbus™ has advanced 
system architecture which pro- 
vides you growth to 32 data and 
address line capabilities while 
the shared resources capabil- 
ities of EXORmacs help keep 
your expansion costs down. 














Renting lets you afford 
EXORmacs today. There’s no 
need to put off getting the 
EXORmacs system you need 
for your 68000 applications 
or — worse yet — “making do” 
with a system that falls short 
of your needs. The Leasametric 
rental approach puts the 
EXORmacs in your budget 
today. 


Rent only the elements you 
need. Leasametric can rent 
you whatever configuration of 
the EXORmacs that best fits 
your needs. Or, if you already 
have an EXORmacs system, 
Leasametric can rent you the 
specific equipment elements 
you need to meet both short- 
and long-term expansion needs. 
And, whatever you rent is fully 
supported by Leasametric in 
close cooperation with 
Motorola. 





Get a head start on your 
competition. Call Leasametric 
today. The Motorola EXORmacs 
development system is avail- 
able now for 24-hour delivery. 
The number to call is: 1-800- 
447-4700. In Illinois, call: 
1-800-322-4400. In Canada, 
call: 1-800-268-6923. In 
Europe, write Leasametric 
GmbH, Munich, West Germany. 


Rent the best names in the business 





from the best name in the business. | 








Why settle for 
e & S when you can 


rent the best? 



























While you're on the phone arranging to 
put an EXORmacs into your development 
lab, be sure to also ask for your free, 
personal copy of Leasametric’s 224- 
page catalog listing thousands 
of items for rent or lease. In 
addition to microprocessor 
development equipment and 
components, Leasametric 
also carries the top names 
in telecommunications 
gear, terminals, desk top 
computers and, 
of course electronic test 
equipment of all kinds. 

Through our Metric 
Resources subsidiary, 
we are also a source for pur- 
chase of recent model 
electronic equipment 

at a substantial savings 

Over new prices. 


Rent the best names in the business 


from the best name in the business. | 


1164 Triton Drive, Foster City, CA 94404 








the future of electronics 
The editors of EDN are proud to offer is 
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of computer generated art suitable 
by David Em. (eo) g 
These prints showcased in the | Be 
October 14 EDN special section fr esarelirg 
Electronic Technology: The Next 25 Years 
are each 20” x 26” and 
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Please send me the following prints @ 10.00 each. 
Postage, handling for 1 to 3 prints add 1.95 


Transjovian Pipeline Where... Orojo 
QUANTITY QUANTITY QUANTITY 


MAIL CHECK OR MONEY ORDER TO: 
EDN FUTURE ART DEPT. 2006, 221 COLUMBUS AVE., BOSTON, MA 02116 


NAME COMPANY. 
ADDRESS 


CITY STATE 
ALLOW 3-4 WEEKS FOR DELIVERY 
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Editorial 





A golden opportunity 
to standardize 


As the Dept of Defense (DoD) pins down its specification for ADA, 
commercial activity in that programming language has begun to explode. | 
The mere promise that almost all DoD programs will eventually have to be 
written in ADA has prompted many vendors to jump on the bandwagon. In 
fact, several partial implementations of ADA compilers are commercially 
available—for mainframes, minis and even personal computers. 

ADA’s unique features should change the commercial programming land- 

scape, especially for large design projects. Of the language’s many features 
designed to improve program reliability and productivity are packages that 
allow for the definition of abstract data types and the enforcement of ADA’s 
rich semantics across compilation units. These units permit you to separately 
compile the overall program structure and thereby force all design-team 
members to adhere to the structure’s requirements, greatly reducing 
interfacing problems and allowing you to isolate and identify whose code is 
ce causing problems. 
ADA also promises total portability. DoD intends to require that any ADA program compile on any ADA 
translator, albeit with varying speed and efficiency. In fact, it has begun to contract with software vendors to write 
ADA application packages without specifying the target hardware. A whole new cottage industry of ADA-package 
suppliers will likely arise, and when it does, system designers will be able to select subprograms and merely write 
“glue code” to implement an application. 

The state of the art is closer to this reality than you might think. As noted, partial ADA compilers are already 
available, and Intel is just announcing its compiler, which is basically the DoD ADA reference manual (the proposed 
standard), with three pages of exceptions and 11 pages of extensions. (The exceptions deal primarily with aspects of 
the spec that aren’t completely defined and will be eliminated before Intel obtains DoD approval; the extensions 
consist of instructions that use unique features of Intel’s target machine, the 432.) 

Although Intel’s offering is perhaps the closest thing to a full ADA now on the market, its modifications hold great 
significance: They might raise compatibility problems. ; 

To ensure true portability, all ADA compilers must be compatible. Recognizing this fact, DoD plans to establish a 
validation facility and issue the trademarked name ADA only to approved compilers. Exceptions and extensions will 
reportedly not be tolerated. EDN urges DoD, in defining its validation procedures, to maintain its hard line on this 
requirement, despite industry pressure for variations such as subsets and despite the fact that a standardized 
language won't take full advantage of all the hardware on the market—especially object-oriented architectures that 
are now emerging. Portability’s cost benefits to industry will far outweigh any hardware tradeoffs. 

Furthermore, DoD should consider permitting software switches in ADA compilers; such switches would disable 
nonstandard instructions related to specific hardware. Suppliers will want to gain a competitive edge in the 
commercial marketplace through their unique hardware, and this approach will discourage them from flooding the 
market with both validated and nonvalidated versions, confusing matters even more. DoD has a unique opportunity 
to force ADA standardization and should do all in its power not to compromise the effort. 
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An error crept in 


Dear Editor: 

I was pleased to see my Design 
Idea for the AD594 in the July 
16 issue of EDN (pg 427). The 
editor, however, evidently de- 
cided to explain something I 
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INLAYS EB WELDED SKIVED 
DUAL METAL MULTIGUAGE 
Other TMI Products 


Signals & Noise 


hadn’t mentioned: that “you can 
determine the chip’s tempera- 
ture remotely by measuring the 
total value and subtracting the 
chip’s fixed requirements.” 

I hadn’t mentioned subtract- 
ing the chip’s current because 


REFLOW SOLDER 
FROM TMI... 


Can save you time and money by 
doing half your soldering in 
advance. 

Solder can be precisely placed 
as a Stripe, or as a complete 
overlay, on virtually any base 
metal. It cuts assembly costs and 
improves quality and consistency 
by: 

e Eliminating separate solder 
preforms 

e Eliminating the problem of 
making a bond to the base metal 

e Predetermining the exact 
location at which the 
connection is to be made 

e Extending shelf life of materials 
through permanent 
solderability 

TMI can manufacture solder 
coated metals, using any type of 
solder from pure tin to multiple 
alloy combinations, and any non- 
refractory alloy as the base metal, 
-incoil form ready to be fed into 
automatic presses. Solder 

coating can also be used in 
combination with our inlay 
*" Cladding process to create a 
unique material system that’s 
just right for your special 
applications. 

For more information, pricing, 
and technical assistance, contact 
one of our customer service 
specialists with your 
requirements. 


Innovative Stup Maals 





TECHNICAL MATERIALS, INC. 

5 Wellington Road 

Lincoln, Rhode Island 02865 
(401)333-1700 Telex 701-384-0600 


CIRCLE NO 12 

















doing so results in the wrong 
answer. The important feature 
of the 2-wire measurement is 
that the total current, including 
the chip operating current, 
passes through the 5.20 resis- 
tor. As a result, the amplifier 
adds only enough current to the 
operating current to make the 
total loop current equal 10 
wA/°C. No subtracting is neces- 
sary or wanted. 

Best regards, 

A Paul Brokaw 

Division Fellow 

Analog Devices 

Semiconductor Div 
Wilmington, MA 





Add two hybrid vendors 
to manufacturers list 


Two vendors were inadvertent- 
ly omitted from the list in 
EDN’s Special Report on mili- 
tary and high-reliability hybrids 
(June 23, pg 102). Solitron 
Devices Inc (1177 Blue Heron 
Rd, Riviera Beach, FL 33044, 
phone (805) 287-5000) manufac- 
tures custom hybrids and has 
participated in most major US 
defense and aerospace pro- 
grams. And Vitarel Ine (3572 
Corporate Ct, San Diego, CA 
92123, phone (714) 292-8353) 


Continued on pg 37 
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your custom circuits. 





Synertek is currently | clients as soon as they That’s what has made 
incorporating E2PROM- become available: like us one of the world’s largest 
electronically programmable, | E2PROM; like high speed, fabricators of custom MOS 
non-volatile memory-into low power HCMOS. And VLSI circuitry. 


custom LSI circuits. That today, our design rules provide ‘To learn more about 
way, you can have the cost for future reductions in our capabilities in Custom 
and reliability advantages circuit size, using data-base LSI, contact Synertek, Inc., 
of a custom circuit in your scaling techniques, to keep 3001 Stender Way, Santa Clara, 
system with the ability to your HMOS or HCMOS California 95054, 
field program it at will. circuit cost- and performance- | (408) 988-5600. 

To update postage competitive for years to come. 
meters or change security Every custom circuit 


codes. produced at Synertek, 

Even over phone lines. | whether you designed it or 

It is part of a Synertek | we did, deserves the benefit 
tradition of sharing new tech- | of our unique responsiveness 


Synertek. 


The people who think on their feet. 
nologies with our custom to technology. A subsidiary of Honeywell. 
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Spring, 1976. Synertek introduced 
the first mn its family of 6500 8-bit 
microprocessors. _ 

The rest 1s history. 


1976. 6500 Family gains flexible 
peripheral control with Synertek’s SY6521 
peripheral interface controller _ 

1977. Synertek’s single-chip SY6551 
UARI/baud-rate generator links 6500 
microprocessors with serial communi- 
cation data sets and modems. 

1978-1980. Die size is reduced by 
30%. Yields increase, prices decline. 

1980. Synertek’s SY6545 CRT 
controller provides interface to CRIT’ and 
raster-scan displays. 

81. Synertek becomes the world’s 
largest producer of 8-bit microprocessors. 











Not content to simply Just look at what’s A choice of develop- 
second source, Synertek on the way: ment tools to fit any budget, 
applied vast development A Z8 that operates at | starting with our versatile 
and fabrication talent toward | 12-MHz speeds, late in 1982. | MDT 2000 with Z8 in-circuit 
making the 6500 Family what A low-cost version for | emulation. 
it is today: the world’s best dedicated control applications, Needless to say, we 
selling 8-bit microprocessor | early 1983. plan to continue our cost reduc- 

And that’s exactly Ahigh-performance,low | tions. We've already completed 
what were doing for Z8. power Z8 in CMOS, mid-1983. | round one with a circuit lay- 


(382 ‘ EDN SEPTEMBER 29, 1982 


_ Fall, 1980. Synertek introduced the 
first in its family of Z8” microcomputers. 


History is about to repeat itself. 


out revision that will improve | to turn the Z8 into the top Synertek, Inc.,3001 Stender Way, 
yields without touching microcomputer family for the | Santa Clara, California 95054. 
function. And with our data- | 80s. When you’re supported 

base-scaling program in by commitment like this, 

place, we'll be able to quickly | it makes sense to go for the y : IC 
respond to tomorrow’s fabri- | byte handling and design 





cation technology with ever | flexibility of Z8. 7 a The people whothink ontheirfeet. | 
increasing cost effectiveness. For more information 
Synertek is determined | on our Z8 Family, contact A subsidiary of Honeywell. 
Z8 is a trademark of Zilog. CIRCLE NO 212 
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Seven ways to 
memory reliabilit 


JY Ci@CiTOSTAuC CIS 


m@ Utilize ionizers in board assembly areas. 


















@ Install non-conductive furniture. 





CARS 


@ Coat surfaces with antistatics. 





m@ Wear all-cotton clothing. 


m@ Ground people and workstations. 





m@ Keep assembled boards in antistatic bags. 


As new fabrication be enhanced by reducing the We designed a scaling 
technologies reduce the size | susceptibility of the memories | network to taper the voltage 
of MOS memory structures, | themselves. to safe levels. 
reliability problems due to Synertek has done We increased the 
electrostatic discharge just that. effective distance between 
become a greater concern. Beginning with a impressed voltage and 
Recommended precautions | series of destructive tests to | junction interfaces. 
to minimize ESD damage determine location and nature We enhanced the 
during board assembly can of the damage: ability of our input structures 
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cut down on 
problems caused 
Charge. 


So ee ee 











i 
@ Check out Synertek MOS 
memory devices. Inputs guaranteed 
to at least 2000 volts. 


Synertek Inc. 3001 Stender Way, Santa Clara, California 95054. (408) 988-5600. 


























Name Title 

Company 

Address 

City State «Zip we e 
Telephone 

I'd like to learn more The people who think on their feet. 
about your complete line of 

LIROMS (Static RAMS A subsidiary of Honeywell. 





(Code #EDN-9-29-82) 


to withstand heat produced | devices fabricated by our new | to changing technology is 
by inrush currents. advanced processes. what’s made Synertek the 


























The result is a While this break- number one supplier of mask- 
guaranteed resistance to through is no substitute programmable memories. 
electrostaticdamage oninputs | for care in assembly, it adds So when youre con- 
up to 2,000 volts, under that extra measure of sidering ways to insure the 












Device Category B of Test long-term reliability of your 
Condition 3015.1, MIL STD | memory failures. systems, be sure to include 


883, in all Synertek memory Paying attention the Synertek option. 


In Europe, contact Synertek Inc., Honeywell Europe S.A., Avenue Henri Matisse 16, 1140 Brussels, Belgium, Tel: [32] (02) 241-4450. 


protection against costly 
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Introducing 8 ways to better 
electronic design analysis- 
from an unbeatable combination. 


Information Systems Design (ISD) and the CYBERNET® 
Services network. Together, they give you the finest 
technical expertise via the largest technical user 
network in the world. You get access to the specific 
application you need. When you need it. With plenty of 
support. 


Here are eight new ISD software applications 


provided through the CYBERNET Services network: 


Circuit Simulation 


ASPEC: A general-purpose circuit simulator with 
excellent transistor models (with emphasis on MOS 
LSI) and superior accuracy. 


SYSCAP: A general-purpose circuit simulator for the 
systems market with large transistor libraries and 
Monte Carlo “worst case” analysis. 


Logic Simulation 


LOGIS: A general-purpose, 15-state logic simulator 
with emphasis on MOSFET integrated circuit logic 
design. 


TEGAS: A general-purpose logic simulator for design 
verification, timing analysis and test generation. 


Device Simulation 
GEMINI: A MOS device simulator capable of ana- 
lyzing the operation of a variety of two-dimensional 
insulated-gate semiconductor device structures. 
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Manufacturing—Process 
SUPREM2: Simulates steps in the integrated circuit 
manufacturing process. Output consists of all the 
dopants present in the silicon and silicon dioxide. 


Manufacturing—Automatic Device Characterization 
MODGEN: Generates ASPEC MOS model parameters 


from IV and CV data taken from actual devices. 


Layout—Design Rule Checking 
DRC: A program that verifies that the layout of an 


integrated circuit conforms with rules specified by the 
water processing facility. 


We'll help you get the job done fast. 

You can use any ofthese programs simply and easily. By 
linking your terminal directly into our network. For 
more information on application programs for elec- 
tronic and electrical engineering, call or write; 

Evan Aurand, Electronics Product Manager 
Information Systems Design, 


2500 Mission College Blvd., Santa Clara, CA 95054 
1-800-538-6886 (In California Call 800-672-3522) 


(CS >) CONTROL DATA 


Addressing society’s major unmet needs 
as profitable business opportunities 
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specializes in military, aero- 
space and medical-electronics 
circuits and offers dual-cavity 
hybrids that include components 
mounted to both sides of a 
substrate. EDN regrets the 
omissions. 


AER RLS : e030, 500 eae 


SCF MODEM FILTER 


cPps020 

NARROW BANDPASS 
SWITCHED CAPACITOR 
FUTER 
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Correct a price error 


The $11,000 price published for = 
Forward Technology’s (Santa . omanuneo rmecvecy ieeake 
Clara, CA) Gateway Scientific ee 
Workstation (EDN, July 16, pg 
20) covers the 68000 processor, - / \ : = 

256k bytes of memory, a 15-in. Ye <a Z XX is ei we nie 
display, a VT-100-compatible SM se NG +4 
keyboard and a graphics con- 
troller. Adding Bell Labs’s 
UNIX operating system, C and 
FORTRAN 77 compilers, 
graphics software and a Win- 
chester disk drive brings the a By eeereenses gone 
cost into the $23,000 range. ee ce —ooe oes 
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Divide by 10 
Because of an editing error, Eq y | 

1 in “Formula simplifies induc- 3 ae ae Pea ss 
tance calculation” (EDN, Aug- 
ust 4, pg 164) yields solutions 
10 times. greater than the 
correct value. To calculate a 
coil’s true inductance, L (not 
impedance as stated), amend Eq 
1 to read: 





— se 








L=0.070(CN)*/(1.908C +9.0H + 10.0B). ee et ee 
In addition, in the Design Idea’s 
example, the coil’s thickness, B, 
was printed incorrectly; the 
correct value is 0.0342 in. 











Your turn... 
EDN welcomes your com- 
ments, pro or con, on any 
issues raised in the maga- 
zine’s articles. Address 
letters to Signals and 
Noise Editor, EDN, 221 
Columbus Ave, Boston, 
MA 02116. Names will be 
withheld upon request. We 
reserve the right to edit let- 
ters for space and clarity. 
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This small digital panel instrument Nas one big thing 





GENERAL Gm ELECTRIC 
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We do it right. 


When the leader in instrumentation does business, 
there's only one way to do it. We do it right. 
We do it right by testing and retesting everything inside and out. 
General Electric quality control won't settle for anything less. 
We do it right by making sure our authorized electronic Modification Centers 
are Tully stocked to meet your immediate delivery requirements. 
And we do itright by making a family of panel instruments for almost any application. 
SO now you too can do it right, call toll-free for our brochure 
and find the authorized electronic Modification Center nearest you. 
1-800-243-8160; (COMM, ORLY. 1-800-842-0225). 
Instrument Products Section 
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Here they are, at the ready for your most 

fol=) [rere }i=morl=xo lal lave m e)ce)e)(-iaah wom ial—mi-1e ane), 
Cobra Solvent Spray Brush (MS-226)*, plus your 
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waste. 


Note our sleek new Cobra. All parts are | 
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Write: Miller- Stephenson’ Chemical chen 
George Washington-Highway, Danbury, Conn., 
06810. Or pe (203) 743-4447. 
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Sophisticated thermal-imaging systems 
pinpoint prototype-stage heat Promoms 


Jesse Victor, Senior Staff Editor 


Designers are increasingly using 
thermal-imaging systems early in 
the design cycle—in the prototype 
or model stage—to spot heat- 
induced problems in electronic 
assemblies before they cause high 
board-failure rates in production or 
subsequent development testing. 
Replacing traditional hit-and-miss 
thermocouple-testing techniques, 
thermography had its genesis in 
medical applications and has been 
earning growing credibility as a 
fast, accurate and versatile tool for 
both in-house and field testing. 
With its use spurred by production- 
test rejection rates as high as 30% 
and by increasing circuit complexi- 
ty, it’s thus emerging as a 
significant design technique for 
improving product reliability. 


Reducing temperature problems 


Temperature-related problems 
are one of the major causes of 
electronic-component failure—by 
some estimates accounting for 60% 
of all in-service device failures. And 
most of these failures are traceable 
to inadequate or marginal provi- 
sions for heat dissipation. 

Although new — electronic- 
assembly designs are functionally 
tested and usually subjected to 
thermal testing as well, high 
product-failure rates in many cases 
result from the failure of conven- 
tional thermal-testing techniques, 
in which thermocouples are applied 
to locations in which heat buildup is 
suspected. 

Specifically, although convention- 
al thermal testing provides an 
accurate measure of temperature at 
the test points, its effectiveness 
depends entirely on the designer’s 
estimate of where a circuit’s critical 
heat-concentration areas are locat- 
ed. If this estimate is proved wrong 
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Providing a thermal adie (a) of a fully loaded pc board (c), a 2 thermal-imaging system’ s 
CRT display also graphs the temperature variations (b) along the part of the board traversed 
by a movable horizontal cursor (white line crossing upper portion of board in (a)). Colors show 
the gradient from highest (indigo) to lowest (orange-brown) temperature. 


Up from medical imaging 
Thermal imaging was originally developed by the medical communi- 
ty as a diagnostic tool for cancer detection. Using infrared scanning 
to measure the variations in heat emitted by a test subject, it 
converts the scanned object’s surface thermal pattern into a visible 
image that can be examined and recorded photographically. 
During the past decade, thermography has also found wide use in 
the electronics industry—primarily to identify shorted or open circuits 
and inoperative components in failed electronic assemblies. Multi- 
layer circuit boards, for example, are now tested using this technique, 
which can provide a look at inner-layer thermal distribution. 
Employed primarily in production-test facilities, thermal-imaging 
systems are most commonly used to supplement traditional 
automatic test equipment when the ATE is unable to unambiguously 
isolate a fault. Thermographic technology, however, is moving one 
step back in the design process; it’s now also used to verify or modify 
thermal-design assumptions in the breadboard or prototype stage. 


Al 





by the test itself or by subsequent 
device failures, new circuit heat- 
dissipation techniques must be 
devised and a new round of 
time-consuming tests performed. 
Infrared thermal imaging, how- 
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ever, can avoid this type of 
trial-and-error analysis. A typical 
system, such as the UTI Instru- 
ments Model 900 used at Lockheed- 
California Co’s Quality Assurance 
Lab, can scan a prototype assembly 








in 2 sec, produce a thermal profile of 
the device under test (photos) and 
provide temperature data that 
would require the simultaneous 
application of approximately 
300,000 thermocouples (see box, 
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How thermography works 


Lockheed-California’s Model 900 thermal-imaging 
system (photos, (a)) consists of two major compo- 
nents: an imager assembly and infrared detector that 
view the test subject and display its thermal image on 
a CRT, and a digital image-processor/memory sys- 
tem that converts the scan data into the visual image. 

When the thermal imager scans a device under 
test, a 6-sided mirror rotating at 3600 rpm provides a 
horizontal scan while a rocking single-plane mirror 
furnishes a vertical scan. A HgCdTe infrared detector, 
sensitive in the 7- to 14-uwm region, receives the 
object under test's reflected heat and begins the 
process of converting it into a visual representation of 
the object’s thermal signature. The detector is cooled 
by a Dewar assembly containing a renewable 
quantity of liquid nitrogen to ensure a good signal-to- 
noise ratio. 

An enhancement and amplification system proc- 
esses the detector’s signal, which then goes through 
a temperature-reference control and into the unit's 
memory. The final thermal image (photos, (b)) is 
constructed in the system’s memory as the scan 
mirrors traverse the test object and is displayed on 
the built-in CRT monitor. Each horizontal and vertical 
scan takes 2 sec. 

In addition to the device under test’s thermal 
pattern, the displayed image also provides a temper- 
ature graph, referenced to a baseline temperature, of 
the test area crossed by a full-width horizontal cursor. 
The base-temperature level can be set between —27 
and +297°C; system sensitivity can be adjusted to as 
low as 0.5°C per graduation. 

The thermal-imaging system is calibrated using a 
black-body-radiation source traceable to the National 
Bureau of Standards; as an additional feature, the 
stored thermal image can be magnified as much as 
four times using the digital image-processor/memory 
system’s quartering function. An optional color quan- 
tizer converts the black-and-white gray-scale thermal 
image into a 10-color spectrum. 

UTI Instruments’s (Sunnyvale, CA) newest system, 
the Model CCT 9000 computerized color thermo- 
graph, utilizes a 13-in. high-resolution RGB color 
monitor to display temperature gradients measured to 
0.1°C. Featuring automatic drift and calibration con- 
trol, the wP-based unit provides such features as 
640x512 RAM storage capable of holding more than 


300,000 picture elements, post-processing of image 
data, image averaging, digital temperature readout, 
16x software-based image magnification (with addi- 
tional 2.5 close-up lens), and optional disk storage 
and IEEE-488 interface. Furnishing a 16-color tem- 
perature gradient, the system provides three viewing 
modes: the thermal image of the device under test, a 
RAM-stored reference image or the difference be- 
tween the two. 





Speeding thermal design analysis of complex electronic 
assemblies, UT/ /Instruments’s Model 900 thermal-imaging sys- 
tem (a) at Lockheed-California’s Thermography Test Lab can 
furnish an instant photographic image (b) of the device under 
test’s thermal profile, including a temperature graph of points 
along a cursor line. 
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Digitize your high-speed signals 
in a low-cost flash. 


Real quick, we're going to tell you the price for our 7-bit, Power supplies are +5 V and —5.2 V with total device power 
A-to-D flash converter is $79 in 100-249 quantities. consumption just over one watt. 
Not low cost? It is when you contrast our price with the And you can digitize in quantity with production lots 
100-up, $485 tag for its closest comparable. immediately available from factory or authorized distributor. 
Even current 6-bit units are priced only slightly less than To expedite design-in, an evaluation PC board kit is avail- 
ours. Which makes it most attractive to flash users who able. Call or write Motorola Semiconductor Products, P.O. 
want to gain an extra bit of resolution and accuracy for just Box 20912, Phoenix, AZ 85036 for complete information on 
a small price increase. how the low-cost MC10315L/317L flash can digitize your 
And cost of 8-bit applications are dramatically lower — you 
can easily wire-OR two units together for 8-bit accuracy ' 
_and resolution and still come Su far ahead. Innovative systems 
Up and over 10MHz with ECL. through silicon. 


More and more digital processing of video, radar, communi- 
cation and instrumentation signals requires high-speed 
A to D capability...and the MC10315L/317L has it. Utilizing 
tried-and-true, Motorola-made-famous ECL technology, it’s 
capable of encoding video speed signals without a sample 
and hold at conversion rates to 15 MHz. 

The MC10315L and MC10317L perform identically except 
for data output coding during overrange. When MC10315L 
is driven into overrange, all data bits remain high, but when RA OTOR OL A | NI Cc. 
the same condition occurs on MC10317L, data bits go low, 
permitting easy expansion to an 8-bit converter through 
simple, two-unit stacking. 

It’s packaged in standard, 24-pin CERDIPandis | 
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TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036. 










specified over a 0° to 70° C temperature range. ~ , Send me more information on the Linear A/D Flash. i] 

Accurate, efficient and available. €© Fi 
Versatility of the input comparator structure “ Name a 

and reference resistor ladder allows analog input * B Title ] 

options of unipolar positive, unipolar negative a ' i 

(below ground) or bipolar, with accuracy maintained “ Call me: ( ) 

at full-scale analog signals as low as 1.0 V, peak to peak. BCom pany . 

Low capacitance loading of only 70 pF at the analog input eee E 

reduces demand on the driving amplifier at high frequencies. 5 g 
In addition, differential phase and gain are low to ensure ty ee ee inte St ZIP 

high performance in video processing. L. ee ee ee 





“How thermography works”). 

Utilized as an integral part of 
preproduction analysis of avionics 
and electronic-systems components, 
the Lockheed-California system 
tests engineering models that 
duplicate actual production units as 
closely as possible, according to 
Richard W Sherman, supervisor of 
ASW-avionics quality engineering, 
and John P Ketrick, a_ senior 
electronics engineer at the Bur- 
bank, CA firm. 

“It has proven to be a fast, 
thorough means of analyzing the 
thermal characteristics of new 
designs as they are tested in the 
engineering-model stage,” Sherman 
reports. “Excessive-temperature 
problems—or even potential trouble 
spots that might go undiscovered 
with traditional test techniques— 
are far less likely to escape into the 
production cycle. Also, the thermal 
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behavior of nonproblem areas can 
be easily studied for a greater 
understanding of a circuit’s opera- 
tional characteristics.” 

In addition to the electronic 
systems it develops in-house, Lock- 
heed-California also tests many of 
the electrical and avionics devices 
built to its specifications by subcon- 
tractors. The Quality Assurance 
Lab also uses thermal imaging to 
test in-service systems and compo- 
nents requiring design review after 
a pattern of failures appears under 
field conditions. 


Performing operational tests 


In every case, though, the goal is 
to test a device under operational or 
burn-in conditions, Sherman and 
Ketrick emphasize. Thus, to gain 
data that’s as true as possible to 
actual operating conditions, the Lab 
tests assemblies in their operating 








environment. 


A pc-board assembly, for exam- 
ple, is tested in its installed position 
in the parent electronic unit—not 
merely under a simulated electrical 
load. When the board reaches 
operating temperature, it’s re- 
moved from the parent unit and 
placed immediately in a prefocused 
position in front of the thermal- 
imaging unit. Four separate scans 
are then performed at 5-sec 
intervals and retained in the 
system’s memory. 

To compensate for unavoidable 
cooling that results when power 
is turned off and the board removed 
from the parent assembly, the Lab 
uses a digital timer to measure the 
elapsed time from power disconnect 
to the first infrared scan. The 
temperature variations noted over 
the 20-sec scan period are then 
extrapolated back, via an exponen- 









Is thermal imaging cost effective? 


Considering the relatively high cost of thermal- 
imaging equipment ($50,000 or more), can designers 
justify the use of these systems to replace traditional 
thermocouple-based testing techniques? Direct cost 
comparisons are difficult to make, but Lockheed- 
Californias Richard Sherman and John Ketrick 
provide ballpark figures that illustrate the cost trade- 
offs involved in the two techniques. 

Thermal imaging’s cost benefits fall under three 
major categories: test setup and teardown costs, the 
cost per item of data and the quality of data. 

Consider, therefore, a typical conventional test in 
which 50 thermocouples are applied to a pc-board 
assembly. Three man-days would probably be re- 
quired for setup, subsequent teardown and cleanup. 
Assuming a labor rate of $30 per hr, the test would 
cost approximately $720. In contrast, a thermograph- 
ic examination of the same assembly could be 
completed in approximately 20 min, with hard-copy 
test-result documentation. The result? A net savings 
of more than $700 for the thermal-imaging approach. 

No meaningful cost comparisons between the two 
methods in terms of data quantity (and cost per item 
of data) can be made because one thermal image 
produces 262k data points in 2 sec. And although you 
might not need all that data, its sheer magnitude 
constitutes a substantial cost benefit. 

Direct cost comparisons of data quality beteween 
the two methods are also difficult to make. But 





because no transducer mass comes into contact with 


the device under test in thermal imaging, greater data 
accuracy results. Furthermore, no engineering analy- 
sis is required in thermography to factor out the 
inherent errors involved in the thermocouple ap- 
proach. And with thermal imaging, you don't have to 
repeat tests to verify test results. | 

Thus, although each method's cost per item of data 
and data quality are difficult to quantify, Sherman and 
Ketrick still claim an attractive cost benefit for 
thermography, based solely on test setup and 
teardown. Using the aforementioned test example, 
thermal imaging involving three design iterations 
would therefore produce a savings of more than 
$2000 compared with thermocouple testing. 

The bottom line, according to Sherman and 
Ketrick, is that thermography provides an investment 
payback at approximately the 25th design project— 
assuming equipment cost of $50,000 for a basic 
system. And the technique’s other, less tangible 
advantages, such as its greater amount of data, 
advance the break-even point even further. 

One final cost benefit is that the equipment doesn't 
require special training or skills to operate: Compe- 
tent electronic technicians are usually able to begin 
thermal testing. after merely familiarizing themselves 
with equipment controls and their effect on the 
thermal image. 


EDN SEPTEMBER 29, 1982 





And nobody offers a more Scorn. sive yey of ne 
relays than Struthers-Dunn. With more than 60 years of 
experience in relay design, manufacture and distribution, 
Struthers-Dunn is uniquely qualified to meet all your relay 
needs...promptly and precisely. 





Struthers-Dunn Technology: engineering expertise at your 
disposal. Struthers-Dunn has long been a leader in the 
innovative engineering and application of relay products 
for virtually every relay-using industry. Our design and 
application engineers are eager to assist you in the proper 
selection of any of our hundreds of standard off-the-shelf 
product lines, or in working with 
you in the development of new or 
modified products to meet 
specialized application needs. 


Struthers-Dunn Productive 
Muscle: capability, capacity and 
competitive pricing. With three 
total capability production facili- 
ties in the United States and one 
abroad, Struthers-Dunn backs up 
its remarkable engineering skills 
with the productive power to 
assure you a reliable, competi- 
tively priced source of supply for 
today’s needs, and tomorrow's. 













Struthers-Dunn Distribution: parts where and when you. 
want them. Struthers-Dunn makes it easy for you to get 
what you want when you want it. Skilled technical 
assistance is available locally through our national nel 
work of field sales representatives; and parts are 
immediately available from the well stocked shelves of 
our more than 150 distributor branches. — 

















No Sooner Said than Struthers-Dunn. For the very best in 
industrial control relays...dry reed and mercury wetted 
relays...solid state and hybrid relays...military/aerospace 
relays for hi-rel applications...and special assemblies,no 
sooner said than Struthers-Dunn. For a copy of our 
comprehensive catalog, or the 
name of your local S-D represen- 
tative or distributor, just call or 
write. Struthers-Dunn, Inc., 
Lambs Road, Pitman, NJ 08071. 
(609) 589-7500. 















The Responsive 
Relay Company 
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SOLID STATE 
GYROS 


USiemrelane 
elelie 


Model RT02-0603-1 
Size: 2.0” x 3.3” x 3.9” 


Model RT15-0101-1 
Size: 1.5” x 1.6" x 3.0" 


e Instant 20 millisecond startup 
¢ Uses only 2 watts DC Power 

¢ Up to 10,000 hours life 

¢ Wide bandwidth 

¢ Up to 5000° per second range 


These solid state, single axis angu- 
lar rate sensors can be used as 
direct replacements for small diam- 
eter rate gyros in many of today’s 
advanced guidance and control sys- 
tems ... including autopilots, radar 
and helicopter stabilization systems, 
and hundreds of other instrumenta- 
tion applications. They’re hermeti- 
cally sealed, rugged, and insensitive 
to acceleration and vibration. They 
provide output signals of +2.5 VDC. 
Dual and 3-axis models and units 
with ranges up to 5000°/sec. also 
available. Write Humphrey, Inc., 
Dept. EDN 982, 9212 Balboa Ave., 
San Diego, CA 92123, Phone—(714) 
565-6631. 


WRITE FOR ENGINEERING 
APPLICATIONS BULLETIN 


Describes prvssmprone Sib se Ty 
various Circuits 

that can be 

added to sensor 

to allow use as 

angular position, 

rate, or 

acceleration 

transducer. 


Manufactured under license from 
Hercules, Inc., U.S. Patent 3,500,691 
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tial curve-fitting program, to obtain 
a temperature-decay rate expressed 
in degrees Celsius per second. 
“With this method,” Sherman 
says, “designers are able to arrive 


at a profile of the board’s thermal | 


condition in its actual operating 
surroundings. When necessary, 
standard thermocouples are used in 
a few sample areas to verify the 
accuracy of the cool-down-compen- 
sation calculations as well as 
component surface temperatures.” 

Sherman and Ketrick report, 
however, less than 0.5°C average 
variation between data from the 
two temperature-measuring meth- 
ods. “Because of this high degree of 
predictability,” Sherman says, 
“quality-assurance engineers have 
become more confident in the 
results of thermal imaging and 
rarely feel the need for substantia- 
tion of the results.” 

Partly in response to Lockheed- 
California’s testing program, its 
customers are also placing increased 
emphasis on thermographic testing, 
and several have specifically re- 
quested thermal-imaging analysis of 
in-service problems. 


Expanding applications 

Although the Lockheed-Calif- 
ornia experience has involved 
commercial and military aircraft 
Systems, Sherman and Ketrick 
emphasize thermal imaging’s useful- 
ness in many other areas of 
electronic design involving complex 
printed-wiring assemblies. The 
technique has also been utilized in 
nonelectronic applications—to ex- 
amine thermal-adhesive bonds, 
composite honeycomb structures 
and glass-laminate aircraft wind- 
Shields, for example. — 

“Thermal imaging as a design 
technique is still a long way from its 
full potential in high-technology 
industries,” Sherman concludes. 
“But as its use spreads, so no doubt 
will its applications.” EDN 
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Contact your | 


local XICOR 
representative 


today! 


XICOR REGIONAL SALES OFFICES 


Eastern Area 

Sales Mgr. 
Boston, MA 
617/542-2944 
National Sales Mgr. 
Milpitas, CA 
408/946-6920 


Western Area 
Sales Mgr. 

Newport Beach, CA 

714/752-8636 


XICOR SALES REPRESENTATIVES 
Eastern Region 


Contact Sales, Inc. 
Burlington, MA 
617/273-1520 


Nycon, Inc. 
East Syracuse, NY 
315/437-8343 


HLM Assoc. Inc. 
Waterbury, CT 
203/753-9894 


HLM Assoc. Inc. 
Northport, NY 
516/757-1606 


HLM Assoc., Inc. 
Parsippany, NJ 
201/263-1535 


TAI Corp. 
Bellmawr, NJ 
609/933-2600 


Micro Comp, Inc. 

Baltimore, MD 

301/247-0400 

Beacon Electronic 
Assoc. 

Raleigh, NC 

919/787-0330 

Beacon Electronic 
Assoc. 

Atlanta, GA 

404/256-9640 


Beacon Electronic 
Assoc. 
Maitland, FL 
305/647-3498 
Beacon Electronic 
Assoc. 
Melbourne, FL 
305/724-8010 
Beacon Electronic 
Assoc. 
Clearwater, FL 
813/796-2378 
Beacon Electronic 
Assoc. 
Ft. Lauderdale, FL 
305/491-1054 
Beacon Electronic 
Assoc. 
Huntsville, AL 
205/881-5031 
Beacon Electronic 
Assoc. 
Johnson City, TN 
615/282-2421 


Kaytronics 

Concord Ontario 
416/669-2262 
Kaytronics 

Ville St. Pierre, Quebec 
514/367-0101 


Central Region 


SAI Marketing Corp. 
Shaker Heights, OH 
216/751-3633 
412/261-0482 


SAI Marketing Corp. 
Zanesville, OH 
614/454-8942 


SAI Marketing Corp. 
Centerville, OH 
513/435-3181 


SAI Marketing Corp. 
Brighton, MI 
313/227-1786 

SAI Marketing Corp. 
Indianapolis, IN 
317/241-9276 


Oasis Sales Corp. 
Brookfield, WI 
414/782-6660 
Oasis Sales Corp. 
Elk Grove Village, IL 
312/640-1850 


John G. Twist Co. 
Bloomington, MN 
612/835-2120 


John G. Twist Co. 
Cedar Rapids. IA 
319/393-8703 


John G. Twist Co. 
St. Louis, MO 
314/432-2830 


John G. Twist Co. 
Prairie Village, KS 
913/236-4646 

John G. Twist Co. 
Wichita, KS 
316/686-6685 

Nova Marketing, Inc. 
Dallas, TX 

214/385-9669 

Nova Marketing, Inc. 
Houston, TX 
713/988-6082 


Western Region 


Vantage Sales Corp. 
Bellevue, WA 
206/455-3460 


Vantage Sales Corp. 
Portland, OR 
503/227-1369 


Ewing-Foley, Inc. 
Los Altos, CA 
415/941-4525 
Santana Sales Corp. 
Los Alamitos, CA 
213/431-3533 

Harvey King, Inc. 
San Diego, CA 
714/566-5252 
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D/Z Assoc. Inc. 
Denver, CO 
303/429-9369 


D/Z Assoc., Inc. 
Salt Lake City. UT 
801/268-2876 


Thom Luke Sales, Inc. 
c/o Power Enterprises 
Albuquerque. NM 
505/298-1918 

Thom Luke Sales, Inc. 
Scottsdale. AZ 
602/941-1901 
Kaytronics 

Surrey. B.C. 

604/581-7611 





XICOR LEAPS AHEAD AGAIN 
¥-PROGRAMMABLE E?PROMs _ 
AVAILABLE NOW! © 





| A5V-p rogram 
/mable E PROM 
that’s easier to 
> use than anything 
_ before! What else 
would you expect 





of the world’s first|5V- ‘programmable, 
nonvolatile static RAM? 

Xicor’s X2816A E2PROM plugs right 
into a Jedec standard, byte-wide RAM 
socket, and operates simply by using 
the read and write signals available in 
your system—a feat impossible with 
any other E2PROM presently on the 
market. But surprisingly, this new 2K x 8- 
bit memory is not built on an experi- 
mental technology. In fact, it utilizes the 
same N-channel, floating gate, MOS 
technology Xicor has been shipping in 
its unique line of 5V-programmable non- 
volatile memories for the past two years. 
That puts Xicor a giant leap ahead in 
proven reliability! 


An E2PROM that works like 
a static RAM. 

Writing data in the X2816A is just like 
writing data in a static RAM because 
the nonvolatile data can be modified 
simply by using a single TTL-level WE 
signal. But whereas other E7PROMs 
require a high voltage pulse to be fully 
operational, the X2816A needs only a 
single 5V power source. Like a RAM, 
the X2816A has a read cycle access 
time of 300ns. 


from the originator 


Because all addresses and data are 
latched internally with the X2816A, it 
means the E2PROM write cycle can be | 
initiated by the normal microprocessor 
compatible, static RAM write-cycle tim- 
ing and signals. What’s more, the total 
byte write time required by the X2816A, 
including both an automatic erase and 
write, is under 10ms. That’s less than 
half the time it takes to alter other 
E2PROMs! 

And once the E2PROM write cycle 
has begun, the X2816A self-times the 
remainder of the operation, freeing the 
processor and data bus for more impor- 
tant activities like parallel E7PROM 
programming. 


Total elimination of hardware 
suppo 

Because Xicor’s E7PROM works com- 
pletely independent of external address 
and data latches, operates without the 
need for an external timing capacitor 
or interrupt controller, and requires no 
additional power supplies, it totally 
eliminates the need for E2PROM hard- 
ware support. This greatly simplifies 
system design with the result that con- 
siderable savings can be realized in 
reduced assembly and component 











costs as well as design costs. In adde 


tion, board space previously dedicated —Cj 
to E2PROM support devices can be put — 


to other use. 





Xicor’s unique 5V-programmable 
E2PROM is available now—and in two 
configurations. Both versions are pin 
compatible, and, in their optional high 


voltage mode, interchangeable withex- 


isting hig h-voltage E?PROMs. So get a 
ahead of your competition—contact 
your nearest Xicor representative for _ 
complete technical applications and 
reliability information on the X2816A 
or X2804A today! 

Xicor, 851 Buckeye Court, Milpitas, 
CA 95053. 408/946-6920 
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HARRIS PRECISION 





OP AMPS: 











ON-TARGET PERFOMANCE 


Now, a new family of precision operational amplifiers 
zero in on your most critical circuit designs. 


Bull’s-eye performance. 


Harris continues to hit the mark with a new 
series of JFET input precision op amps, de- 
signed for the next generation of high-precision 
applications — accompanying the industry- 
leading bipolar input device: the Harris 
HA-5130. 


Combining dielectric isolation with FET/ 
bipolar construction, all offer superior AC 
performance with lower power operation and 
lower offset drift than competing hybrids — at 
significantly lower prices. Check the chart 
below for basic operating parameters. 


HARRIS HIGH-PRECISION OP AMPS 
PRODUCT SUMMARY 







Harris 
Part Number 






HA-5062B amy | avy 


HA-5064B 








All specifications are maximum @ 25°C. 


Harris Technology 
.. Your Competitive Edge 
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260 pA 


Harris also takes dead aim at your dual and 
quad op amp requirements with right-on ‘“‘B”’ 
suffix JFET devices, incorporating low offset 
voltage maximums of 2 mV. 


For applications requiring very low power 
amplifiers, Harris offers the HA-5141A, 42A 
and 44A micro-power op amp family. Drawing 
only 65 A per amplifier, these op amps feature 
2mV maximum offset voltage (3 mV for 5144A), 
low noise of only 20 nV/Hz, and high-speed 
operation from single or dual supplies. 


Commercial, industrial and military production 
quantities are available now. 


For full details, write: Harris Semiconductor 
Analog Products Division, P.O. Box 883, 
Melbourne, Florida 32901. 











Product 
Highlights 





Single, Dual 





Quad 















Low Power JFET 
Input Op Amps 
ets Industry Standard _ 
JFET Input 

Op Amps 















Higher Precision 

Higher Speed 

Op-07 Direct 
Replacement 










Highest Speed 
Micropower 
Op Amps Available 

















Low Drift Low 
Noise JFET Op Amp 


Ultra Low Bias 
Current JFET 
Input Op Amps 


Cost Effective 
HA-5180, LH0042 
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| LINEAR, || 
VOLTAGE —- 


-MONOCHIPS™ 





If you need a semi-custom linear IC, 
chances are that Interdesign is the on- 
ly place you'll need to shop. With 
more than 1200 circuits integrated to 
date, our IC’s are performing in the 
field in automotive, telecommunica- 
tions, consumer, computer, aero- 
space, and industrial products. We 


_E *3100_[|_J ‘2800 |] 6 $3400 |] L *3900_| | 





LF *4900 } | H.°2400_| | M*7000_! | 


have the arrays, the components, the 
design aids, and the applications ex- 
perience to help you convert discrete 
transistor or IC designs to compact, 
cost-effective linear Monochips. 
Monochip linear arrayS range in 
size from 110 to 812 components with 
up to 28 bonding pads. Many useful 
components are offered including a 
variety of NPN’s, vertical and horizon- 
tal PNP’s, diodes, and resistors. In- 
tegration charges vary from $2800 to 
$7000 depending on chip size. 


S 100 ONLY AT INTERDESIGN ANY LINEAR 
250! OFF INTEGRATION 
RESERVATIONS SUGGESTED 
CALL 408-438-2900 TODAY! 


LIMIT ONE COUPON PER PURCHASE 
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The MOK contains everything you 
need to design your own custom IC. 
Priced at $59., it includes process 
technology, more than 200 prede- 
signed linear circuits, Component 
characteristics, breadboard parts, and 
200X layout sheets. As a purchaser, 
you're also entitled to free, expert ap- 
plications assistance. 


Start Saving Today! 
Purchase an MOK design kit and 
complete your design, breadboard, 
and IC layout. If you submit your 
package by December 30, 1982, we'll 
deduct $250. from the standard in- 
tegration cost. Shortly thereafter, we'll 
deliver prototypes and production 
IC’s and you can start manufacturing 
your new products with low cost 
Monochips. To order the MOK, call or 
write: Interdesign, Inc. 
1500 Green Hills Road 
Scotts Valley, CA 95066 











HIGH VOLTAGE 
PLANAR POWER 
DARLINGTONS 


FOR AUTOMOTIVE IGNITION SYSTEMS 
7; FOR SWITCHING REGULATORS 
a, FOR MOTOR CONTROLS 
Cai FOR SWITCHING POWER SUPPLIES 
















_ Solitron’s new 400 Volt NPN silicon power Darlington 
transistors are designed for high speed, power switching 
in inductive circuits. Each planar Darlington chip was 
designed with bias resistors and output diode and 
packaged in a rugged TO-3 case. The result? Higher 


y inductive energy and higher gain combined with the 


added reliability you need for tough applications. 





Type No. Vcceo Vcer Veso hee (min-max) Voce (sat) VBE (sat) 
BU323 350V 400V 8V 150-2000 @ 6A/6V_-1.7V max @6A,120mMA 2.2V max @ 6A, 120mA 
BU323A 400V 475V 8V 150-2000 @ 6BA/6V 1.7Vmax @6A,120mMA 2.2V max @ 6A, 120mA 








SDM10000 350V 400V 8V 40-400 @ 10A/5V 1.9V max @ 10A/.4A 2.5V max @ 10A/.4A 








SDM10001 400V 450V 8V 40-400 @ 10A/5V 1.9V max @ 10A/.4A 2.5V max @ 10A/.4A 


SDM 10002 350V 400V 8V = 30-300 @ 5A/S5V 1.9V max @ 5A/.25A 2.5V max @ 5A/.25A 














SDM10003 400V 450V 8V 30-300 @ 5A/SV 1.9V max @ 5A/.25A 2.5V max @ 5A/.25A 





For complete information on these 


a 
high voltage Darlington devices iQ, 
or chips, call toll-free 800-327-8462. 


DEVICES, iNC. 


1177 Blue Heron Blvd. 
Riviera Beach, Florida 33404 





(305) 848-4311 TWX: (510) 952-7610 TELEX: 51-3435 
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Technology Update 


AM-stereo technology gains momentum, 
but no industry standard is in sight 


John Tsantes, Eastern Editor 


Despite the increased emphasis 
radio broadcasters, transmission- 
equipment suppliers, receiver man- 
ufacturers and the semiconductor 
industry are placing on AM stereo, 
the adoption of a universally 
accepted standard is no closer to 
realization today than it was 6 
months ago, when the Federal 
Communications Commission 
(FCC) elected not to select a 
standard from among the five 
competing systems. 

Indeed, the FCC’s controversial 
“marketplace decision” might not in 
any event lead to market standardi- 
zation on the best system; possibly, 
no system will achieve that status. 
And because the decision has given 
rise to a significant increase in 
competitive promotion among the 
five proponents, it’s even possible 
that the company with the largest 
advertising budget and best promo- 
tional campaign will see its standard 
adopted, regardless of its system’s 
technical performance. 

The only positive aspect emerg- 
ing from this FCC-created mess is 
that all five systems—from Belar/ 
RCA, Harris, Kahn/Hazeltine, 
Magnavox and Motorola—are tech- 
nically capable of producing AM 
stereo. Several IC manufacturers, 
recognizing this fact, are producing 
devices that accommodate one or 
more of the systems. Therefore, if 
you're involved in circuit or equip- 
ment design specifically intended 
for AM-stereo applications, rest 
assured that the basic technology is 
solid. But also realize that your 
efforts might be in vain if the 
system you’re backing doesn’t 
become a de facto standard. 

The AM-stereo saga began on 
June 22, 1977, when the FCC 
adopted a Notice of Inquiry in 
response to petitions for rulemaking 
concerning AM stereophonic broad- 
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IC with several peripheral chips. 


casting. As explained in that 
Notice, the agency considers sever- 
al system objectives important in 
the development of AM-stereo 
broadcast service. 

These objectives include compati- 
bility with existing AM broadcast 
(monophonic) receivers, transmit- 
ters and antennas; compliance with 
existing AM bandwidth limitations 
to miminize interference; simplicity 
of design and reasonable cost for 
receiving equipment; no reduction 
in service area or loudness for either 
monophonic or stereo reception; 
satisfactory stereo service for 
nighttime skywave reception; and 
simple administrative procedures 
for implementing AM stereo upon 





Converta monophonic radio to AM stereo by combining National Semiconductor's LM1981 


approval. Except for the last 
objective, all AM-stereo proponents 
have met these requirements to a 
satisfactory degree, in the FCC’s 
view. 

However, the key word is 
satisfactory. Some of the original 
design objectives are interdepen- 
dent. Occupied bandwidth, for 
instance, depends on the stereo 
signal’s frequency-response range. 
In addition, the need for uniform 
loudness of the AM signal when 
received on a conventional mono- 
phonic receiver might not permit 
full stereo separation under certain 
program conditions. And the mono- 
phonic-compatibility requirement 
compromises stereo separation sim- 
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Awaiting Delco’s blessing 


A potential spur to a decisive market decision on AM 
stereo might come from General Motors’s Delco Div, 
which has begun to evaluate the various systems for 
possible automotive-receiver use. However, Delco’s 
projected July 1982 decision date has come and 
gone, and no decision has yet been made. Still, when 
a decision comes, many observers feel that it will set 
up a de facto standard. 

Unfortunately, Delco’s eventual decision might not 
indeed be decisive. Why? For one, Delco is currently 
evaluating only the Harris, Magnavox and Motorola 
systems. According to director of engineering R J 
McMillin, Belar has apparently dropped out of conten- 
tion, and Kahn has not answered Delco’s inquiries. 
Thus, the truly best system might not even be under 
evaluation. In addition, each AM-stereo proponent 
maintains that it will continue pushing its own system, 
even if it’s not chosen by Delco. 

As of this writing (August), Delco sees no system 
having a strong advantage compared with the others. 
Furthermore, although some systems appear more 
complicated than others, McMillin sees no strong 
reason to discriminate on the basis of that criterion. 
And he adds that despite claims of higher system 
costs for some designs, cost will play only a small role 
in his firm’s decision. 

Instead, mobile-reception capability will be the key. 
Delco will obviously choose the system that can 
perform best in a moving automobile. Assuming that 
the firm chooses one system within the next few 
months, and assuming that the rest of the industry 










goes along with this decision, AM-stereo radios will 
not appear in cars before model year 1984. 

McMillin has stated no personal preference for any 
of the AM-stereo systems. But he admits that he 
would have liked it better had the FCC made the 
decision for him. 


Three systems are being evaluated by General Motors’s Delco 
Div for automobile applications. Delco considers performance in a 
moving vehicle the most important evaluation parameter. 





ply because it’s more difficult to 
simultaneously satisfy two design 
requirements than one. 


All use same decoding scheme 
Despite the various approaches 
the five proponents have taken to 
satisfy the FCC’s requirements, all 
rely on the same basic encoding 
technique. In it, two _ separate 
program-information signals get 
transmitted from the studio to the 
receiver, one containing the Left 
(L) information and the other the 
Right (R). To achieve compatible 
reception of both channels on a 
monophonic receiver, the two sig- 
nals get added together (L+R) for 
transmission. A second channel, 
frequently termed the stereo sub- 
channel, carries the difference 
(L—R) information. 
54 





An AN-stereo decoder, National Semicon- 
ductor’s LM1981 accommodates the Mag- 
navox system and selis for $1.25 (50,000). 


The L+R signal gets amplitude- 
modulated by the usual technique, 
thereby achieving mono-AM com- 
patibility. The L—R information is 
either phase- or  frequency- 
modulated (depending on the 


scheme under consideration) and 
used by the stereo receiver to 
separate the L+R signal back into 
the original left- and right-channel 
programming. 

For instance, in the Belar system, 
the sum signal is applied to the 
modulation circuitry of a conven- 
tional AM transmitter, while the 
difference signal angularly modu- 
lates the RF carrier. The angular 
modulation exhibits FM character- 
istics for low audio frequencies and 
phase-modulation (PM) characteris- 
tics for mid-audio frequencies. This 
F'M-to-PM changeover is accom- 
plished through a _ pre-emphasis 
network, which boosts the modulat- 
ing signal. The carrier’s maximum 
frequency deviation varies from 
312.5 Hz at low frequencies to 6250 
Hz at higher ones. The Belar 
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AM RECEIVER 
FRONT END & IF 
WITH AGC 


RF SIGNAL 


IF OUTPUT 


L+R AUDIO 


ENVELOPE 
DETECTOR 


AUDIO 


FM 
DISCRIMINATOR ae 


FILTER 


ZERO-AXIS 


LIMITER 


10-Hz BANDPASS 
FILTER 








AUDIO 
MATRIX 


LEFT AUDIO 


AUDIO 


DE-EMPHASIS 


ee RIGHT AUDIO 


STEREO 
PILOT 
LAMP 


10-Hz 
DETECTOR 


Fig 1—A de-emphasis network in the Belar AM-stereo system attenuates the modulating signal and also reduces detected noise. 


system also requires a 10-Hz pilot 
tone, which the receiver can use to 
indicate reception of AM stereo. 
Belar’s proposed decoding system 
is essentially complementary to the 
encoding method used in the 
transmitter (Fig 1). In it, a 
conventional diode detector detects 
the L+R signal in the envelope, and 
a limited IF signal (free of 
amplitude modulation) gets applied 
to an FM discriminator. An audio 
high-pass filter rejects the pilot 


ENVELOPE 
DETECTOR 


tone. The receiver’s de-emphasis 
network is the complement of the 
transmitter’s pre-emphasis net- 
work; in it, the L+R and L—-R 
signals are applied to an audio 
matrix that produces the original 
left- and right-channel audio sig- 
nals. The discriminator’s output 
goes to a bandpass filter centered on 
10 Hz, so most program material 
and noise are removed from around 
the pilot tone. The presence of a 
signal at the output of this filter 


LOCK 





then triggers a stereo-indication 
mechanism. 

(Ed Note: Only decoder circuits 
for the various systems are illus- 
trated. We feel that more EDN 
readers are involved in receiver 
designs than in transmitters.) 


The only linear system 


The Harris system, in contrast to 
the Belar scheme, modulates two 
carriers, an in-phase (I) and 
quadrature (Q) carrier, which are 


DETECTOR 


STEREO 


LED 


PILOT 


CIRCUIT 


MATRIX 


Fig 2—The only linear AM-stereo decoder, from Harris, might be technically superior to the other proposed systems. But the Harris 
transmission system does produce higher harmonic distortion in conventional envelope-detector monophonic receivers. 
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WHEN WE UNWRAPPED OUR NEW SYSTEM, 
WE DIDN’T KNOW EVERYONE WOULD LINE UP. 
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Call us surprised. We knew our new systems were the 
greatest thing since you know what. But we didn't real- 
ize everyone else would agree. 

See, it’s the first of its kind. Fully integrated. DEC com- 
patible. With 514" 10.4 Mbyte Winchester that emulates 
RLO1/02. Built-in 2 Mbyte dual slimline floppies or 
software-suppored 4" cartridge tape back-up. LSI-14 
CPU that can handle up to 5 1/O stations. All in a sleek 
5M"x19"x 27" chassis. 

And since we introduced the System 3 Series, we've 
been taking orders from everybody: systems integrators, 


OEMs, volume end-users...you name it. 

Even DEC's getting in line. 

They recently announced a system just like ours. 
Except you can't get if until next year. 

Plessey’s new systems are available right now—at a 
special price that'll save you nearly $4500** on the 
first unit. 

So if you'd like a great deal on a great little system, 
check out our new line. 

You won't be the first. But you wont have to wait until 
1983, either. 


DEC and LSI-41 are registered trademarks of Digital Equipment Corporation. 
**Prices applicable only within U.S.A. 


a“ 





Plessey Peripheral Systems 


16941 Browning Avenue, Irvine, CA 92714 
(714) 557-9811/(800) 854-3584 (Outside CA) 
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Fig 3—Phase modulation carries the stereo information in the Kahn/Hazeltine system. This decoder receives the stereo, but two 
monophonic radios tuned slightly off-frequency also produce the same stereo effect. 


90° out of phase. The in-phase 
carrier gets modulated by the L+R 
signal, while the L-—R signal 
modulates the quadrature carrier. 
The modulated signals then com- 
bine into one signal whose phase 
and amplitude modulate the trans- 
mitted signal’s phase and ampli- 
tude. 

You can consider the Harris 
system as two carriers separated by 
an angle that can vary from 90 to 
30°. The left-channel signal modu- 
lates one of these carriers; the right 
channel, the other. The variable 
angle between the carriers is 
directly related to the L-R 
gain-reduction factor. (Gain reduc- 
tion is needed to provide monophon- 
ic compatibility and does not affect 
linearity. ) 

To properly decode the Harris 
signal at the receiver, the instanta- 
neous gain used in the L—R channel 
must be transmitted with the 
signal. This requirement is accom- 
plished via a varying pilot-tone 
frequency that changes from 55 to 
96 Hz, depending on the L—-R 
signal’s gain reduction. 

Harris calls its system V-CPM, 
standing for variable compatible- 
phase multiplex. To receive a 
V-CPM transmission in stereo, a 
quadrature AM (QAM) receiver 
recovers the signal’s I and Q 
audio-frequency components (Fig 
2). A phase-locked-loop PM detec- 
-58 





tor recovers the pilot signal and the 
frequency-modulated gain informa- 
tion. The recovered pilot gets 
subtracted from the Q signal to 
eliminate it from the audio output, 
and the Q channel’s gain is then 
increased by the same factor it was 
reduced by in the transmitter. The I 
and Q signals can then go to an 
audio matrix that recovers the left- 
and right-channel audio signals. 


Two radios produce stereo effect 


The Kahn/Hazeltine system, 
meanwhile, uses phase modulation 
to carry the stereo information on 
the sidebands. Because most of the 
left-channel stereo information is 
placed in the lower sideband while 
the right-channel program is in the 
upper sideband, this system is 
termed an independent-sideband 
(ISB) arrangement. 

The system achieves AM-stereo 
operation by phase-modulating the 
RF carrier with the L—R signal 
and then performing amplitude 
modulation on the result. A 15-Hz 
pilot tone angle-modulates the 
carrier by approximately 0.1 radian. 

Although the Kahn/Hazeltine sig- 
nal can be decoded by one receiver 
(Fig 3), the stereo effect can also 
emerge through two radios, one 
tuned slightly above the center 
frequency and one slightly below. 
Several radio stations across the 
country have already installed Kahn 


AM-stereo exciters for field testing, 
and listeners are decoding the 
stereo signal in just this manner. 


Envelope modulation 


The Magnavox system is an 
AM/PM configuration that uses 
envelope modulation for the L+R 
information and linear phase modu- 
lation for the L—R _ information. 
Phase-deviation equals 1 radian 
peak, and a 5-Hz subaudible tone 
gets frequency-modulated onto the 
carrier with a deviation of approxi- 
mately 20 Hz to provide stereo 
identification. ) 

Magnavox’s receiver is a single- 
IF system using a _ standard 
envelope detector for the AM 
channel. Its automatic gain control 
ean hold L+R output nearly 
constant over a wide range of RF 
signal levels, allowing proper dema- 
trixing of: the LU-+K and L—R 
signals. The simplest receiver 
design for this system (Fig 4a) is a 
nonsynchronous circuit; the PM 
information can also be recovered 
by sampling the IF signal, limiting 
it and detecting it with a phase- 
locked loop (Fig 4b). 

The stereo-identification tone in 
the Magnavox configuration is 
regenerated by recovering the 
audio tone present between the 
main voltage-controlled oscillator 
and the loop filter (present as a 
byproduct of the phase-detection 
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HIGH QUALITY 


C7 


210 Watts: 
$209.30 (1,000) 


100 Watts: 
$133.00 (1,000) 


150 Watts: 
$182.00 (1,000) 


50 Watts: 
$84.00 (1,000) 


Single board, multiple-output, open frame switch-mode power supplies offer you 
high efficiency, well regulated power at a very attractive price. 


The listed prices are for single unit quantities. Please contact us for quantity pricing | 
and a demonstration. 


| KE pool fae C) ® For complete specifications, write Dept. DBF-12 


_KEPCO, INC. © 131-38 SANFORD AVENUE e FLUSHING, N.Y., 11352 U.S.A e (212) 461-7000 © TWX -710-582-2631 ¢ CABLE: KEPCOPOWER NEWYORK 
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process), and passing it through a 
tone detector to drive an indicator. 
An automatic mode switch provides 
switching between mono and stereo 
and is driven by the stereo-ID 
circuitry. 


Linearity lost for compatibility 


The final system, Motorola’s 
C-QUAM (compatible quadrature 
AM), uses two amplitude-modulated 
RF carriers that are 90° out of 
phase: The L+R signal modulates 
one; the L—R signal, the other. 
Unmodified, such a system is linear, 
but the amplitude of the resultant 
signal is not fully compatible with 
monophonic envelope-detector re- 
ceivers. Therefore, to achieve a 
better degree of compatibility, the 
combined signal is first hard-limited 
and then remodulated with the 
L+R signal. However, although 


RF 


Y 
aimeccia 


Technology Update 





this scheme produces monophonic 
compatibility, it destroys the sys- 
tem’s linearity. 

According to Motorola, any suit- 
able stereophonic audio processor 
and matrix can generate the 
necessary sum and difference infor- 
mation. The received compatible 
quadrature signal is merely one that 
has been modulated by the cosine of 
its relative phase-angle information 
and is also a compatible envelope- 
detector signal. Therefore, the 
Motorola system can decode sum 


information with either an envelope , 


detector or a synchronous detector 
that’s inversely modulated by the 
cosine of the phase modulation. 
Similarly, it can decode difference 
information with a synchronous 
quadrature demodulator that’s in- 
versely modulated by the cosine of 
the phase modulations. 


STD 
AM 


DETECTOR 


ORIGINAL RCVR 


ADDED STEREO 
DECODER 


RF INPUT 


LIMITER & 
SQUELCH 
DETECTOR 


AM & 
Beeg AGC DETECTOR 


According to Motorola, 
decoding methods exist because 
L—R=Stan6=Ssin6/cos6 
when §S is the AM monaural signal 
and equal to L+R. Hence, any 
sequence of operations that results 


many 


in L-—R is a valid decoding 
algorithm. Even non-PLL decoders 
are allowed, because a discrimina- 
tor/integrator/tangent-function se- 
quence results in the L—R signal. 
Motorola’s preferred decoder de- 
sign (Fig 5) uses the synchronous- 
detector scheme. In the absence of 
the feedback loop, the in-phase 
detector would produce (1+S)cos6. 
But the loop makes the in-phase- 
detector output identical to the 
envelope-detector output, which 
also forces the variable gain control 
to be an inverse-cos@ modulator. 
Therefore, the quadrature phase 
detector’s output becomes the 


STEREO/ 
MONO 
SWITCH 


STEREO/ 
MONO 
SWITCH 


Fig 4—A nonsynchronous circuit (a) yields a simple decoder for the Magnavox signal. But the PM information can also be 


recovered by sampling and limiting the IF and detecting it with a phase-locked loop (b). 
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When it comes to connecting 
discrete wires to electronic circuitry on PC 
boards, only BUCHANAN?’ gives you a 
complete family to choose from. At lowest 
applied cost. you get top of the line quality 
and the industry's widest range of 
Talelepeceeiieej mee aiel-. (els 
e You need no special tools or skills for field 

wiring. That means minimal installation 
and service time. 
e You have a wide choice of sizes, shapes 


Our catalog and | and connection options 


e Designed for milliamps to 15 amp loads. 


SCrEWAriVer ANSWETS is seni ooo 


now for the industry's most compre- 


hensive Input/Output Connector Catalog. 
P| your ilae Ss Or It gives you all the facts, all the specs. 


The more you know about BUCHANAN, the 
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Engineers at your nearest regional office. 
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Fig 5—A synchronous detector scheme /s preferred by Motorola to recover its 
C-QUAM system's signal. The L—R signal should function as the error for the 
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This prototype of a Magnavox-system AM-stereo receiver, built by Pioneer, uses the National 
Semiconductor LM1981 decoder IC. (Photo by permission of Pioneer Electronics) 


FCC AM-STEREO EVALUATION TABLE 


EVALUATION CATEGORY 


Numbers in parentheses (_ ) indicate the 
maximum possible scores in the various 
categories or subcategories. 


MONOPHONIC COMPATIBILITY 


(1) Average Harmonic Distortion (15) 
(2) Mistuning Effects (5) 


INTERFERENCE CHARACTERISTICS 
(1) Occupied bandwidth (10) 
(2) Protection ratios (10) 


COVERAGE (Relative to Mono) 
(1) Stereo to mono receiver (5) 
(2) Stereo to stereo receiver (5) 


IV TRANSMITTER STEREO PERFORMANCE 
(1) Distortion (10) 
(2) Frequency response (10) 
(3) Separation (10) 
(4) Noise (10) 


RECEIVER STEREO PERFORMANCE 
Degradation in stereo performance 

over that measured at the transmitter, 
including consideration of directional 

antenna and propagation degradation (10) 


TOTAL SCORES 


XOAVNDVW 
VIOYHOLOW 


This controversial AM-stereo evaluation table makes it appear that Magnavox 
was the FCC’s clearcut choice. In fact, the agency now admits that the only thing the 
table shows is that all systems are capable of producing satisfactory AM stereo. 











desired L—R information. (For 
maximum performance of PLL 
decoders, Motorola recommends 
that L—R be utilized as the error 
signal for loop lock.) 


Choosing the best system 


From the foregoing discussion, 
you can see that choosing the “best” 
system for AM stereo is no easy 
task. The responsibility for making 
this choice has rested with the FCC. 
But with its March 4, 1982 Report 
and Order, which decrees that the 
marketplace is the best arena for 
evolving a national standard for 
AM-stereo broadcasting, the FCC 
considers the entire matter closed. 

Many industry observers feel that 
this decision is total insanity. But 
the decision has managed to raise 
each proponent’s hopes that its 
system will gain widespread market 
approval. As a result, each firm has 
launched a massive campaign to 
Sway industry opinion. 

Typically, such a campaign’s 
paperwork includes a list of techni- 
cal advantages claimed for the 
proponent’s system and a larger list 
of claimed disadvantages for com- 
peting systems. Also included is a 
list of comments from various 
broadcast- and receiver-equipment 
manufacturers, providing support 
for the system. 

The results to date? No clearcut 
leader has emerged; all proponents, 
however, predict eventual victory. 


FCC changes its mind 

Oddly enough, the FCC at one 
time had decided on the Magnavox 
system. But it changed its mind 
once the other proponents and their 
supporters voiced opposition. 

In its decision for Magnavox, the 
agency relied heavily on an AM- 
stereo-system evaluation table pre- 
pared by its staff (table). However, 
after receiving industry comments 
regarding the table’s validity, the 
staff found that some of the original 
judgment criteria could not be 
adequately quantified. In some 
other areas, sufficient data was not 
available to score the entries in a 
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meaningful way. 

Physicist Dr Joe McNulty of the 
FCC’s Laurel, MD laboratory 
admits that statistically, you can’t 
tell from the table the difference 
between two systems 20 points 
apart in overall rating. “The tests 
used,” he says, “were not indepen- 
dent. You cannot possibly tell from 
the table which one of the systems is 
superior.” McNulty does assert, 
however, that the table reveals that 
all five systems are capable of being 
implemented. 

It was after its second analysis 
that the FCC decided to back away 
from its initial findings and not 
adopt any system. Keep this fact in 
mind when you’re confronted by 
competitive literature that bases 
conclusions on the original system- 
evaluation table. 


FCC: Linear system superior 


In addition, realize that although 
the FCC’s table has been widely 
publicized, one fact is less well 
known: Based on purely technical 
considerations, the FCC believes 
that a linear system is far superior 
to a nonlinear one for the production 
of AM stereo. 

To understand this conclusion, 
consider that whenever an RF 
carrier wave gets modulated, side- 
bands are generated. If the modu- 
lating function consists of only 
linear terms, only simple sum 
(L+R) and difference (L—R) fre- 
quencies appear in those sidebands; 
no intermodulation products and no 
sideband components of harmonic 
order higher than the first can be 
produced. In addition, no out-of- 
band emissions occur, and the total 
bandwidth required is only twice 
the highest modulating frequency. 

If the modulating function is 
nonlinear, though, intermodulation 
products and higher order side- 
bands result, and these emissions 
must be preserved to prevent 
excessive signal distortion. There- 
fore, to achieve the same frequency 
response without distortion, the 
bandwidth required for a nonlinear 


system must be at least twice that 
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of a linear one. 

In the case of AM stereo, 
bandwidth limitations arise because 
of the FCC’s frequency allocations. 
As a result, in a nonlinear system, 
the maximum audio frequency at 
which stereo separation can be 
attained is at best only half that ofa 
linear AM-stereo system. There- 
fore, significant advantages of an 
ideal linear AM-stereo broadcasting 
system include no out-of-band 
emissions, no intermodulation prod- 
ucts, a full audio range (50 to 15,000 
Hz), greatest compatibility with the 
use of synchronous detectors, full 
compatibility with monophonic re- 
ceivers using these detectors, and 
the ability of receivers to use the 
same type of detector in both the 
L+R and L—R channels. 


The linear drawback 


Based on the FCC’s research, 
then, the linear Harris system is 
technically superior to the rest, 
strictly in terms of AM-stereo 
production. Its one drawback is its 


lack of compatibility with conven- | 


tional monophonic AM envelope 
detectors. That is, if you try to 
receive a Harris-system full-stereo 
signal on a conventional mono-AM 
unit, the resulting harmonic distor- 
tion equals 4.3%. Therefore, the 
Harris system is only approximate- 
ly 96% compatible with mono AM. 

Although opponents have cited 
this fact as a strong mark against 
the Harris system, others argue 
that a linear system’s advantages 
far outweigh the fault, particularly 
because mono AM is badly distorted 
anyway. In addition, although the 
FCC’s McNulty admits that the 
Harris system might prove more 
costly to produce because it 
requires a companding pilot tone, 
its ability to use the same detector 
in the L+R and L-R channels 
helps compensate. 

McNulty and his colleagues, then, 
had hoped that the FCC commis- 
Sioners would choose a linear 
system. But he admits-that the final 
judgment was based on nontechni- 
cal as well as technical grounds. 
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Technology 


“The Commission must look at 
economic, legal, technical and other 
criteria before making a decision,” 
McNulty says. “I wasn’t surprised 
at its decision because I was aware 
of the factors that went into it.” 


IC makers ready stereo chips 


Fortunately, the FCC’s indecision 
has not spread to the semiconductor 
industry. There, a few companies 
have already announced [Cs de- 
signed to decode several of the 
proposed systems’ signals. 

For instance, Motorola has devel- 
oped the 20-pin MC13020P to 
decode its own C-QUAM system. 
The circuit, implemented in a 
standard bipolar linear process, 
provides both AM-stereo decoding 
and pilot-tone detection. 

Under design for slightly more 
than 1 yr, the device requires no 
adjustments or coils and only a few 
peripheral components to achieve 
decoding. It employs full-wave 
envelope-signal detection at all 
times for the L+R signal and only 
decodes L-—R signals in the 
presence of valid stereo transmis- 
sion. A 25-Hz pilot presence is 
required to receive the L—R signal, 
and pilot-acquisition time equals 300 
msec for strong signals. 

The MC13020P output’s total 
harmonic distortion (THD) has been 
preliminarily specified as 0.5% for 
mono and 1.0% for stereo. Channel 
separation equals 30 dB, and the 
device operates from a 6 to 12V de 
supply. An internal level detector 
can be used as an automatic-gain- 
control source. Motorola expects to 
sell the device for about $1.50 in 
very large quantities. 

National Semiconductor, mean- 
while, having gotten into the act in 
the early stages of the AM-stereo 
talks, is backing the Magnavox 
system with its LM1981 stereo- 
decoder chip. According to Dan 
Shockey, product marketing engi- 
neer, the firm’s analysis was based 
on cost and system complexity. He 
believes that the Magnavox pilot 
tone is easier to detect because it’s 
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about 12 dB higher than the audio, 
making stereo decoding and identifi- 
cation much easier. 

The 20-pin LM1981 is_ being 
produced on National’s new 5-in.- 
wafer bipolar line. The device is 
designed to decode stereo informa- 
tion that’s amplitude- and angle- 
modulated on an AM-stereo broad- 
cast carrier. As a result, Shockey 
claims it can also be used in other 
systems with very little modifica- 
tion of system components. 

The part can accept a 455-kHz (or 
262-kHz) IF-amplifier output and 
can amplitude-detect the L+R 
mono signal. It also limits, detects 
and conditions the L—R signal and 
combines both in a matrix to 
produce the left- and right-channel 
audio output. 

Other features include an excess- 
phase detector, stereo-pilot-tone 
output, stereo/mono-blend function, 
output S/H circuits and an internal- 
ly regulated reference voltage. 
Stereo separation specs at 30 dB; 
THD, at 0.2% in mono and 0.4% in 
stereo. Operating voltage can range 
over 8 to 18V de. 

The LM1981 is available now and 
sells for $1.25 (50,000). According to 


A dissenting opinion 
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Shockey, the total cost of adding 
AM-stereo capability to equipment 
that already includes FM stereo 
should run about $3 or $4. 
Although National is focusing on 
getting the Magnavox-system chip 
ready for production, it’s also 
anxious to get started on a 
second-generation part. Shockey 
says that this design will include 
more functions, pilot-tone decoding 
and additional noise protection. 
Meanwhile, although few details 
are available on Sanyo’s Magnavox- 
compatible LA1900 IC, Toshiba's 
TA7406P is slated for use on the 
company’s own receivers and will 
also be offered for outside sales. 
The bipolar TA7406P incorpo- 
rates a limiting amplifier, PM 
detector, pilot-tone-signal detector 
and automatic mono/stereo switch- 
ing in an unusual 16-pin zigzag 
in-line package (ZIP) style. The 
device, which operates from a 4 to 
15V de supply, specs 0.5% THD, 
stereo separation of more than 35 
dB and a built-in voltage-controlled 
amplifier for level equalization. 
According to Toshiba, it can be 
applied to the Belar system by 


adding a few extra components. 


Meanwhile, Harris Semiconduc- 
tor, to no one’s surprise, is backing 
its own AM-stereo system with the 
HS-3604 IC. This 24-pin-ceramic- 
DIP AM-stereo demodulator uses 
pure synchronous detection to take 
full advantage of the Harris 
system’s linear characteristics. 

The device accepts an IF signal 
(100 kHz to 1 MHz) and produces 
left- and right-channel outputs. 
Additional outputs include open 
collectors for stereo and PLL lock 
indicators, VCO control voltage for 
tuning meters and envelope- 
detector automatic gain control of 
preceding IF and RF amplifiers. 

The chip’s basic demodulator 
functions comprise a Type 2 PLL 
for carrier recovery, I and Q 
demodulators, a pilot-detection cir- 
cuit and a sum-and-difference audio 
matrix. Supporting functions in- 
clude a dual-bandwidth loop with 
phase/frequency detector (for me- 
chanically tuned radios), automatic 
switching between envelope and 
synchronous detectors (to avoid 
audio beat notes) and automatic 
stereo/mono switching. 

When used in a frequency- 
synthesized radio design, the VCO 


Thanks to the FCC, the entire AM-stereo scene 
remains muddled. The benefits of AM stereo (greater 
geographic range and less multipath distortion) 
definitely provide a clear advantage over FM. And AM 
stereo will not significantly increase the cost of 
existing AM/FM stereo receivers. In addition, the 
public, particularly people living in areas where 
FM-stereo reception is more problem than pleasure, 
will probably accept AM stereo instantly. 

What clouds the issue is the time frame. The 
industry is ready to go, but it’s going in different 
directions. In this respect, the FCC is clearly to blame, 
say all concerned. 

FCC Commissioner Abbott Washburn, following 
the agency’s March 1982 marketplace decision, said 
it all in his dissenting statement before the panel. 

“| submit that this type of marketplace referendum 
is not the way to make an informed choice, if indeed it 
results in a choice at all.... The data before us shows 
the performance characteristics of the five systems 
are so close that consumers of AM stereo will be able 
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to detect little if any difference among the 
systems....Therefore, whichever system or systems 
evolve will be based not on true consumer preference 
resulting from comparison of the five systems, but 
rather on the size of promotion and merchandising 
expenditures and like factors. 

“It is a proper function of government to lay down 
the guidelines for a single system that will result in AM 
stereo in every home at the lowest cost consistent 
with technical excellence and quality reception.... The 
risk in selecting a single system pales in comparison 
to the consequence of compelling multiple systems to 
fight it out in the marketplace....The authorization of a 
single system will prevent needless delays and avoid 
the very significant waste of resources by broadcast- 
ers, manufacturers and consumers associated with 
marketplace determination.... 

“The data and analysis we need to set a standard 
in AM stereo are before us. | dissent to the majority's 
unwillingness to make the choice which would have 
assured a national standard.” 
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For more information... 


For more information on the AM-stereo systems and ICs described in this 
article, circle the appropriate numbers on the Information Retrieval Service 
card or contact the following manufacturers directly. 


Belar Electronics 
Box 826 

Devon, PA 19333 
(215) 687-5550 
Circle No 735 


Harris Corp/Broadcast Div 
Box 4290 

Quincy, IL 62305 

(217) 222-8200 

Circle No 736 


Harris Semiconductor 
Box 883 

Melbourne, FL 32901 
(305) 724-7000 

Circle No 737 


Kahn Communications 
839 Stewart Ave 
Garden City, NY 11530 
(516) 222-2221 

Circle No 738 


Magnavox Consumer Electronics 
1700 Magnavox Way 

Ft Wayne, IN 46804 

(219) 432-6511 

Circle No 739 





is operated as a buffer, accepting a 
4xXIF signal from the radio time- 
base. The PLL loop-filter output is 
available for application to a 
voltage-controlled-crystal-oscillator 
radio timebase. 

The HS-3604 specs envelope- 
detector THD of 0.5% max, which 
drops to 0.38% for the synchronous 
detector. Stereo THD is typically 
0.3%; separation equals 40 dB. The 
device operates from 7.5 to 18V de. 

Harris’s project engineer for AM 
stereo, Frank Peters, terms the 
bipolar HS-8604 a transitional 
design. He believes that within 1 
yr, a less costly implementation will 
be accomplished via a linear CMOS 
switched-capacitor filter (SCF). 

Peters also acknowledges that a 
second chip is now in design. 
Although not expected to be an SCF 
implementation, it will be an 
improved version of the HS-3604. 
But because the HS-8604 is by 
design totally compatible with 
Harris’s AM-stereo broadcast sys- 
tem, don’t be surprised if the 
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Motorola Semiconductor 
Box 20912 

Phoenix, AZ 85036 

(602) 244-6900 

Circle No 740 


Motorola Special Products 
12442 Remington Rd 
Schaumburg, IL 60195 
(312) 576-3591 

Circle No 741 


National Semiconductor Corp 
2900 Semiconductor Dr 

Santa Clara, CA 95051 

(408) 721-5000 

Circle No 742 


Toshiba America Inc 
2900 MacArthur Blvd 
Northbrook, IL 60062 
(312) 564-5140 
Circle No 315 


second-generation part works with 
other systems as well. 


One chip for all 


additional components needed to 
tailor the present system is not 
great. And even if a de facto 
standard is adopted, Tsukada says 
it will take a year before AM-stereo 
receivers reach the market. So the 
Sony approach makes market sense. 

Panasonic seems to have the same 
idea. Although few details are 
available, the company has appar- 
ently designed a 3-chip set, combi- 
nations of which can be used to 
decode signals from the various 
AM-stereo systems. Neither com- 
pany has any current plans to sell its 
chips for outside use. 


True universal chip? 


But what about a single chip that 
can automatically identify a signal 
from a particular AM-stereo system 
and decode it appropriately? Al- 
though this might sound desirable, 
in reality it doesn’t make much 
sense: Such a device’s complexity 
and higher cost would far outweigh 
its benefits. Therefore, none of the 
IC companies that have not so far 
announced AM-stereo designs has 
any plans to produce such a chip. 

In fact, not too many other firms 
have any plans at all regarding AM 
stereo. Why? Those that didn’t 


Meanwhile, Sony and Panasonic, jump into the AM-stereo ring early 


two of the largest receiver manufac- 
turers in the world, could stand to 
lose quite a lot if they back the 
wrong system. So both have 
developed chips to work with more 
than one of the proposed systems. 
According to Keizo Tsukada, staff 
engineer at Sony’s US Consumer 
Audio Dept, his firm’s device can 
decode all but the Belar AM-stereo 
signal. The 18-pin bipolar part 
includes the PLL and detectors 
required for demodulation. But it 
requires additional external devices 
for functions such as_ pilot-tone 
detection and phase shifting. 
Although this part is being 
readied for mass production, 
Tsukada says that a more dedicated 
chip might be designed if one of the 
proposed systems gets accepted as a 
de facto standard. However, he also 
comments that the cost of the 


For more information on Texas Instruments Inc., Circle No.216 -> 





in the game are not about to make 
any decision about the technology 
without confident knowledge re- 
garding the eventual standard. EDN 
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EDN’s advertisers stand ready to 
provide you with helpful design in- 
formation and other data on their 
products. Just circle the appropri- 
ate numbers on the Information 
Retrieval Service card. If your need 
is urgent, contact advertisers 
directly, and mention EDN. 
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Editor’s Choice: New Products 


Uncommitted-component arrays 
support digital and linear circuits 


Bipolar Digilin array ICs include 
multiple cells containing uncom- 
mitted active and passive com- 
ponents. They feature high- 
gain, low-current, single- and 
dual-emitter npn transistors, as 
well as shaping capacitors and 
diffused and pinch resistors with 
values of 100Q to 1 MQ. In 
addition, the chips include 
predefined support functions 
such as bandgap references and 
series and shunt voltage regula- 
tors that permit operation from 
1 to 5.5V supplies. 

The Digilin Series comprises 
four array families with com- 
plexity ranging from 356 active 
and 531 passive to 1644 active 
and 2660 passive components. 
Each chip includes an array of 
matrix cells, which perform 
major circuit functions, sur- 
rounded by a ring of peripheral 
cells that provide user-definable 
I/O characteristics. Depending 
on array type and power 
consumption, maximum clock 
ranges from 250 kHz to 10 MHz. 

The smallest Digilin array, 
the 100-major-cell ULA1000, 
comes in three versions. The 
standard chip typically dissi- 
pates 250 mW when fully 
utilized and operates at 3 MHz 
max. The ULA1L000, a low- 
power version, operates at 250 
kHz max and consumes 25 mW 
typ. And a high-speed LSTTL- 
compatible version, the 
ULA1H000, operates at 10 MHz 
max and requires 330 mW typ. 

Each of these arrays’ matrix 
cells contains three transistors 
and five resistors, and each chip 
provides 28 peripheral cells that 
include three dual-emitter tran- 
sistors, seven resistors and a 
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0-85V Regulator 
for CML Matrix 


2 x 100mA Transistors 


Composed of matrix and peripheral component cells, Digilin array chips operate 


in iscsas 
2! Resistors 





from supply voltages of 1 to 5.5V and perform analog, digital and interfacing functions. 


bonding pad. Single matrix cells 
form 2-input NAND, 3-input 
NOR and 2-input XOR gates; 
multiple cells combine to form 
more complex logic functions. 

Larger arrays, the 
ULA1U000, ULA2U000 and 
ULA3U000, contain 143, 256 and 
280 matrix cells as well as 26, 40 
and 48 peripheral cells, respec- 
tively. These arrays’ matrix 
cells, optimized for nonsat- 
urated current-mode digital cir- 
cuits, each contain four transis- 
tors and a dual current source. 
The peripheral cells perform the 
chips’ analog and interface 
functions. 

Typical gate-delay/power 
product for the U-type arrays 
equals 1.5 pJ, resulting in 
propagation time of 450 nsec 
with low-power gate designs 
and 150 nsec with triple-power 
circuits. Maximum clock rate 
varies from 440 kHz for single- 
power gates to 1.8 MHz for 
higher power switches. Each of 
the U-type arrays’ matrix cells 
forms two 2-input NOR gates or 
one 4-input circuit, and you can 
wire-OR gate outputs to form 
more complex circuits. 

You can design and lay out 


Digilin arrays yourself using a 
CAD system or a set of 


Mylar-film-based manual tools. — 


Alternatively, the manufacturer 
can design arrays using your 
schematic drawings. 

To simplify the layout of 
multiple circuits, the firm offers 
its $100,000 ULA designer 
workstation, a dedicated CAD 
system that supports layout as 
well as circuit simulation and 
test-schedule verification. For 
analog-circuit breadboarding, 
the firm provides a set of 
packaged linear-array compo- 
nents, and you can _ request 
SPICE modeling of analog 
designs before chip fabrication. 

Typical Digilin development 
costs range from $8000 to 
$40,000, depending on produc- 
tion commitment and level of 
interface with the manufactur- 
er. Production chips cost $5 to 
$14 (10,000). Delivery of 
engineering samples, 8 to 20 
wks; production shipments 
begin 10 wks after prototype 
approval. 

Ferranti Semiconductors, 87 
Modular Ave, Commack, NY 
11725. Phone (516) 543-0200. 

Circle No 450 





75 





Spectrol's New Improved Cermet Trimmers. 


Spectrol has always these improved Spectrol 
offered a complete line of trimmers are now available to 
high quality cermet trimming withstand even the roughest 
potentiometers that were treatment of some of the 


sealed for conventional board tougher new board washing 

washing, but now the Spectrol procedures. 

trimmers are even better. with So if youre looking for 

new manufacturing processes, low-cost reliable cermet 
trimmers, Spectrol has them — 
the popular 3/4-inch rectan- 
gular Model 43 and the 


spectro! 


SPECTROL ELECTRONICS GROUP 


3/8-inch square Models 63 
and 64. 

For off-the-shelf products, 
call your authorized Spectrol 
distributor; and for samples 
or more information, contact 
your local Spectrol represent- 
ative or nearest factory Office. 


UNITED STATES Spectrol Electronics Corporation P.O. Box 1220, City of Industry, Calif. 91749, U.S.A. ¢ (213) 964-6565 © TWX (910) 584-1314 
UNITED KINGDOM _ Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire, England e Swindon 21351 e TELEX: 44692 
ITALY SP Elettronica SpA Via Carlo Pisacane 7, 20016 Pero (Milan) Italy ¢ 35 30 241 e TELEX: 330091 
GERMANY Spectrol Electronics GmbH oberauerstrasse 15, 8000 Munich 70 West Germany ¢ (089) 7145096 e TELEX: 52/3014 
PUERTO RICO Spectrol Caribe Corporation Las Marias industrial Park, Anasco, Puerto Rico ® (809) 826-3012 ¢ TELEX SCC PR 3452012 
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Editor's Choice: New Products 


Low-cost programmable plug-in module 
adds digital power to scope family 


The $7750 7D20 plug-in converts 
its manufacturer’s 7000 Series 
mainframe into a powerful 
digital scope. It features capa- 
bilities such as pretrigger infor- 
mation capture, signal averag- 
ing, GPIB programmability, 
waveform storage, Roll mode, 
real- or equivalent-time sam- 
pling and dual-channel acquisi- 
tion at full sample rate and 
resolution. 

The 7D20 samples at 40 MHz, 
thus providing a 10-MHz stored- 
information bandwidth in the 
real-time sampling mode and a 
70-MHz capture bandwidth for 
repetitive signals in the equiva- 
lent-time sampling mode. An 
efficient acquisition algorithm 
minimizes the number of sweeps 
required to capture a waveform 
in the equivalent-time mode. 


Bidirectional bus 


You can program the plug-in 
over the GPIB interface in a 
language that’s familiar to scope 
users. The digitized information 
can be transmitted back through 
the GPIB; thus, you can use the 
plug-in as a source in a 
data-acquisition system. 

You can also program several 
7D20 controls as interrupts to 
the GPIB controller for use as 
soft keys, permitting branching 
to a different control program. 


_This feature proves useful in 


diagnostic operations—it lets an 
inexperienced user follow a 
diagnostic tree programmed 
into the controller. You can store 
six front-panel setups in an 
EKAROM and recall them from 
the front panel. 

Other features that enhance 
instrument flexibility include 
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A programmable plug-in, Mode/ 7D20 adds low-cost digital power to its 
manufacturer's 7000 Series scope mainframe. 


the Roll mode (with a 0.1- to 
20-sec/div setting range), which 
optimizes the viewing of slowly 
changing events. And the in- 
strument’s enveloping feature 
sets limits for measurements or 
reveals subtle variations in 
repetitive signals. 

Several averaging modes let 
you recover signals buried in 
noise. And the cursor readout 
allows single-point or point-to- 
point measurements of both 
time and amplitude. 

Friendly, menu-driven soft- 


ware completes the package- 


with extensive diagnostic and 
self-check features. Alphanu- 


meric readouts are available for 
all screen parameters, including 
cursor measurements, wave- 
form scale factors, waveform 
ID, prompting and menus. 
Tektronix Inc, Box 500, 
Beaverton, OR 97077. Phone 
(503) 644-0167. 
. Circle No 452 
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Check EDN’s Career Opportunities 


EDN: Everything Designers Need 








77 





Regional Headquarters 


Eastern 

594 Marrett Rd., Suite 22 
Lexington, MA 02173 
617/861-1642 


Southern 
6200 Savoy Dr., Suite 704 
Houston, 1X 77036 
713/974-0534 


North Central 
500 Park Bivd., Suite 415 

Itasca, IL 60143 : 
312/773-4864 








Northwest 

1800 Bering Drive 
San Jose, CA 95112 
A08 / 292-6404 | 


Southwest 
9700 Reseda Bivd., Suite 208 
Northridge, CA 91324 


213/70+-6606 

















stocking Distributors 
Active Component Technology * Almo « CAM/IRPC 
Cetec * Classic Components * Cronin * : 
Diplomat « Future « Gerber « Jaco * Marsh 

Marshall « Milgray « RC Components ¢ Resco » 

RM Electronics « Ryno » SAI * Semiconductor Specialists « 
Sterling * Time » Western Micro Technology * - 





° © Upward SOUICE and object code compatlens 
with HD6800 © 


@ 16-bit three-function programmable timer 
e Accepts industry-standard EPROMs: 
— 2K x 8 HN462716 
— 4K x 8 HN462732 or HN462532 
— 8K x 8 HN482764 


Single instruction memory tpehiseait change 

10 powerful addressing modes 

All addressing modes apply to ROM, RAM and |/ o. 
Compatible instruction set with HD6805 


lf you'd like to say “Yes” to Hifachi’s HD68P0] and 
HD68P05 piggyback EPROM/MCU devices, return 
coupon or call your local Hitachi Representative or 
distributor sales office for more information. 


ne ee ee ee ee a ee ee eee 


YES, | am interested in receiving further 
information on Hitachi piggyback 
EPROM/MCU packages. 

[] Send technical data on the HD68P01 

[-] Send technical data on the HD68P05 
[J] Have my Hitachi Representative call. 


scsi iil ien tea amsinstahsen aia 
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send fo: Hitachi America, Ltd. 
1800 Bering Drive 
San Jose, CA 95112 EDN92982-111 
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The 4113: the clear 
[ere(ololailamelerel me [eel eal (ets 
aarelalieleiretecelamelare, 
flicker-free color display. 
Available in pedestal or 
oles) orealileleieclirelamm tare 
4113 lets you work with 
4096 available colors. 
With an easy-to-view 

60 Hz non-interlaced dis- 





play. With local graphics 
Tole lantcial com larel@aalialianirdc 
atexs] mee )anlanlelalerctlelarce 
With two optional, inte- 
gral floppy disk drives 
and up to 800K bytes 
RAM. 

Tek backs your in- 
vestment with PLOT 10 
IGL, the most popular 
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the world. 
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1-800-547-1512. 


(@)ceYe (ela mela anercl 
1-800-452-1877. 
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Editor's Choice: New Products 


Multibus-system bubble-memory card 
accommodates harsh environments 


Combining an intelligent con- 
troller and 512k bytes max of 
bubble memory on one Multi- 
bus-compatible card, the MBI-1 
bubble-memory system pro- 
vides reliable mass storage for 
Multibus-based C systems. It 
can operate in harsh environ- 
ments where dust, smoke, 
vibration, shock and high opera- 
ting temperatures preclude the 
use of electromechanical mass- 
storage devices. The board 
operates over 0 to 70°C and loses 
no data over a —40 to +100°C 
storage range. 

A Z80-wP-based controller 
handles all memory housekeep- 
ing chores—it takes care of 
memory formatting, control and 
interfacing. And the same 
controller can handle as many as 
8M bytes of bubble memory on 
expansion boards. 


Talking and remembering 


The host computer transfers 
data to and from bubble storage 
in blocks, using a_ high-level 
command set. A 14-bit Fire code 
detects errors (the MBI-1 can 
correct bursts five bits long). 

Additional commands let the 
host initiate a set of diagnostics 
that verify the system’s opera- 
tion. The bubble-memory con- 
troller keeps a log of all errors 
(ERRLOG); the log is available 
on command. 

The bubble controller runs 
under CP/M and executes CP/M 
directly from bubble memory. 
The MBI-1 operates more rapid- 
ly than a floppy disk, achieving 
access time to first data byte of 
less than 41 msec avg. 

You can transfer data to and 
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Aimed at use in harsh environments, the MBI-1 serves as a controller and furnishes 
as much as 512k bytes of bubble memory for a Multibus system. 


from bubble storage at more 
than 270k bps. You read and 
write the data in multibyte 
blocks, programming the con- 
troller for 64-, 128- or 256-byte 
block sizes. 

The 512k-byte MBI-1 requires 
oV at 0.9A and 12V at 0.1A 
when in standby and 1.2A when 
shifting bubbles. Smaller capaci- 


ty boards use less power. 

128k bytes, $947; 512k bytes, 
$2247 (100). Either board comes 
with sample software drivers 
written in both Z80 and 8085 


assembly language. CP/M, $400. 
Bubbl-Tec, 6800 Sierra Ct, 


Dublin, CA 94568. Phone (415) 
829-8700. 
Circle No 451 


NEXT TIME 


EDN’s October 13 issue will feature a Special 
Report on capacitors. Also look for design 


features on 


e How to deal with capacitor dielectric ab- 


sorption (Ssoakage) 


e How to select the Winchester disk drive that 
best suits your application 


Leading off the issue will be a Technology 
Update on optoelectronic ICs. And you won't 
want to miss our regular Design Ideas depart- 


ment, either. 
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holds fast without solder, 
tolerances and tight budgets 


Berg's new compliant Press-Fit pin delivers high 
retention forces without solder or costly hole 
damage. Press-Fit is tested for an average of 
16 lbs. in the largest hole size, assuring electrical 
and mechanical integrity. It accommodates a vari- 
ety of board thicknesses and a wide range of plated- 
through holes, reducing the need for more tightly 
controlled board manufacturing procedures. And 
_ its backed with the widest choice of application 
_ equipment available. The result: reliable connec- 
_ tions at low applied costs. 





_“Bow-Tie” section 
(enlarged) before insertion 





_ The Berg Press-Fit pin features a unique “bow-tie” 
____ press-fit section. This section yields in shape to 
form a gas-tight connection with holes from 

0.043” (1.09mm) to 0.035” (0.89mm) and en- 
_ sures high retention forces. Even after repeated 
replacement, the pin maintains a retention force 
well above the industry requirement of 10 Ibs. 










Press-Fit pins, either stamped or drawn 
supplied in strip form to allow manual 





_ Anelectronics company. 
a CIRCLE NO 36 


mass insertion or fully automatic machine inser- 
tion, with speeds up to 15,000 per hour. The pin is 
available in an assortment of above and below 
board lengths. 


Edge card connector terminals are also available 
with the “bow-tie” press-fit section. These termi- 
nals incorporate two-point, pre-loaded support 
springs to provide higher normal force and lower 
insertion force than cantilever springs. Both pins 





From 0.043” to 0.035”, a tight grip with a gas-tight fit and no solder 


and terminals are available in a number of gold or 
tin platings. 


There's no need to risk solder contamination, with 
accompanying corrosion or thermal shock, any 
longer. Specify the Berg Press-Fit pin or edge card 
terminal and reduce your manufacturing costs. 
Call toll-free 800-233-1450 (PA residents: 71/7- 
975-2000), or-write for bulletin 7000. Berg Elec- 
tronics, The Du Pont Company, Camp Hill, 
PA 17011. 
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Diode, switching 
Diode, zener 

Rectifier, low-power 
Rectifier, power 
Thyristor, low-power 
Thyristor, power 
Transistor, bipolar power 
Transistor, bipolar signal 
FET, power 

FET, signal 

Transistor, RF power 


ISPLAYS 


Fluorescent 
Gas-discharge 
Incandescent 
LED 

Liquid crystal 
Plasma panel 


LECTRON TUBES 


CRT, black and white TV 
CRT, color TV 

CRT, industrial 
Industrial power 

Light and image sensing 
Microwave power 





CMOS 

Diode transistor logic (DTL) 
Emitter-coupled logic (ECL) 
Low power Schottky TTL 
Standard Schottky TTL 
Standard TTL 


INTEGRATED CIRCUITS, L 


Communications circuit 
Data converter 
Interface circuit 
Operational amplifier 
Voltage regulator 


MEMORY CIRCUITS 





EPROM 

PROM, bipolar 

RAM, bipolar - , 
RAM, CMOS 

RAM, 4k MOS dynamic 
RAM, 16k MOS dynamic 
RAM, 64k MOS dynamic 
RAM, 1k MOS static 
RAM, 4k MOS static 
ROM, masked MOS 


ICROCOMPUTER/ 


Core memory board 
IC memory board 
Interface board 
Microcomputer board 


ICROPROCESSOR IC’S 
CPU, bipolar bit slice 

CPU, 4-bit MOS 

CPU, 8-bit MOS . 
CPU, 16-bit MOS 

Peripheral chip 








“ 
























Coupler and isolator 
Discrete light-emitting diode 


ACKAGED FUNCTIONS 


Amplifier, instrumentation 
Amplifier, operational 
Amplifier, sample/hold 
Converter, analog/digital 
Converter, digital/analog 


OWER SUPPLIES 


Custom 

Enclosed modular 
Open-frame module 
Printed circuit 





Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of major manufacturers and 
OEMs. They represent the typical times necessary to allocate manufacturing capacity to build and ship a medium-sized order for a 
moderately popular item. Trends represent changes expected for next month. ie 
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New from Thomson-CSF — 21 power transistors for 
evel medii(cel mcoKim yah caallare mel elelitaenilelacrmaltelamecelin 

“= 20; low VCE (sat) =-9V, tf=200 ns. And 225 
“a fast recovery rectifiers to complement our fast 
“switching power transistors: up to 300 A, trr as lowas 


i or catalogs on our new Superswitch Il devices, 
-ontact your local representative or Marketing 
Department, Thomson-CSF Semiconductor Division. 





_ THOMSON-CSF COMPONENTS CORPORATION 
SEMICONDUCTOR DIVISION - P.O. BOX 1454 CANOGA PARK CALIFORNIA 91304 / 6660 VARIEL AVENUE 
CANOGA PARK CALIFORNIA 91303 USA. TEL.: (213) 887-1010 - TWX 910 494 1954 - TELEX 69 8481 
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“Just think, Watso 
Sherlock Holmes a 
shared a pot of tea 
suite at the Barbizot 
Hotel and watched t 
set over Central Park 


only have been PM 
210 D/A converters 


only that afternoon as the fe 
tective and his friend stepp 


of fresh air. “Last time I’ll accept you 
invitation to take in a show in New 
York,” Dr. Watson was complaining 
about the trade show. “Industrial con- 
trols, indeed! I expected A Chorus Line 
and you show me assembly lines.” 

Holmes was distracted by a familiar 
face in the crowd, that of Alec Cun- 
ningham, president of Opni Systems 
and one of Silicon Valley’s brightest 
entrepreneurs. Cunningham hailed a 
cab and told the driver, “Empire State 
Building.” 


86 


At the Opni booth, the mystery be- 
gan to unravel as the firm’s sales man- 
ager spoke. “I’m worried too, Mr. 
Holmes. Alec began acting strangely 
today when a competitor, Gaben Data, 
announced a data acquisition system 
for industrial control similar to the one 
he’s been working on. Only Gaben’s is 
faster, cheaper, and more accurate.” 

“A real triple threat,” said Holmes. 

“And yet we’ve used the fastest 























Quite right, Holmes,” the man 


continued. “But we spared no expense 


to buy the best hybrid DACs available, 


with the reference and op amp de- 
signed right into the package.” 

Curiosity sparkled in Holmes’ eyes. 
Why pay all that money for hybrids, he 
wondered, when there must be a mono- 
lithic DAC that would do it better at lower 
cost? 

“We haven’t a moment to lose,” 
Holmes said to Watson. “No ques- 
tions—just dash back to the hotel and 
get the monolithic DAC file from my 
valise. Then get a cab back here and 
keep it waiting out front.” 

A short time later he jumped into 
the cab and instructed the driver, 
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“Empire State Building, and step on it. 
A man’s life may depend on it!” 

Holmes wasted no time telling Wat- 
son how he had been shunted aside by 
Gaben’s booth personnel. “Clearly, | 
was not perceived to be a Qualified 
Lead. But I picked up what may be a 
clue—‘sign-magnitude coding’. I also 
heard a discussion of 9-bit DACs, 
which puzzled me. Let’s begin the 
search.” 

As the cab bounced down Seventh 
Avenue towards 34th Street, Holmes 
instructed Watson to help him read 
DAC data sheets, beginning with 


PMI. “After all, they invented mono- 


lithic DACs in 1970 and their DAC 
has been the industry standard sinc 
they introduced it in 1974.” 6 

Watson had just begun to shuffle 
through the papers when Holmes ex- 
ulted, “Here it is!,” as he scanned the . 
DAC-208/210 literature. “Sign-mag- 
nitude coding! It evidently eliminates 
many of the problems of Offset Binary 
coding and Two’s Complement cod- 
ing, including non-symmetrical output 
and the current-carry errors at analog 
zero, the very place where the greatest 
accuracy is required. In sign-magni- 
tude coding, the output is divided into 
positive and negative outputs, which 
are symmetrical around zero.” 

“But those are 8-bit and 10-bit 
DACs,” Watson interrupted. ‘You said 
nine bits.” 

“Ahh, but listen,” Holmes contin- 
ued. “A sign-magnitude coded DAC 
has an extra bit of resolution—the sign 
bit. Thus in the 8-bit DAC-208, there 
are 9 bits of resolution; in the DAC- 
210, there are 11. Don’t you see, 
Watson, in Offset Binary or Two's 
complement you must use the Most 
Significant Bit for the sign bit. A sign- 
magnitude coded DAC lets you reverse 

polarity on the output signal—in es- 
sence giving you an extra bit.” 

The cab screeched to a halt and 
Holmes quickly led Watson up to the 
observation deck. They spotted Cun- 
ningham, one leg over the guard rail, 
staring at the street far below. 

“Do nothing hasty, my friend,” he 
said, gently taking the man’s arm. 

“T’ve just found the solution to your 
problem.” Calmly, he began to recap 
his new-found knowledge to the dis- 
traught Cunningham. 

“But my hybrid gives me everything 
in one package,” he argued. 

“So does PMI’s DAC-208, and at a 
fraction of the cost,” Holmes insisted. 
“Tt’s like having a DAC-08 with an in- 
ternal reference and output op amp 
added, plus an extra sign bit at no extra 
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Pn 


“Don't do anything hasty,” 
Holmes said before he began 
telling Cunningham how the 
DAC-208/2 10 could solve the 
design problems of his data ac- 
quisition system. 



















Cunningham looked puzzled. “How 
did you know we plan to enter the 
military systems market?” 

“One picks up all kinds of rumors at 
trade shows,” Holmes smiled. 

A short time later, Cunningham was 
on his way back to California to begin 
redesign of Opni’s new system while 
Watson and Holmes finished their tea. 
. “Well done, Holmes,” Watson said. 

“A busy day indeed.” 
“Not so busy that I didn’t manage to 
buy theatre tickets, Watson. We can 
just make the curtain if we rush.” 

‘‘A Chorus Line?”’ Watson asked 
hopefully. 

“Tenth row center,” Holmes assured 
him. 

Watson beamed as he reached for 
his bowler. “‘Now that is my idea of a 





cost. And if 9 bits are not enough, the 
DAC-210 gives you 10 bits plus sign 



















with full-scale symmetry = 1 LSB.” Qualified Lead! 
“But speed and accuracy are really 
important to me, : nena anna ete eeRE 
Holmes,” Cunning- BASIC D/A AND A/D 
ham said, his ee : eee 


interest growing. 


“The DAC-208 is 


LSB 
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7 
the fastest complete 1c 
monolithic DAC on PORT 1| ; 
the market. Settling | eek 
time is 750ns, witha , snineseon 
temperature coeffi- oe 
cient of 40ppm/°C, | Bt 
which means less | : 
than % LSB drift 


over the full 
0-70°C range. 
And for your military 


marketplace, PMI gives — To review all 

yousimilar specs _ of Holmes’ evi- 
des.” @ fo - S, 

ce “~~ simply circle the 


- reader service number or 
call your PMI representative. 








Precision Monolithics, [In Europe contact: In Japan contact: 

Incorporated Precision Monolithics, Nippon PMI 

1500 Space Park Drive —_ Incorporated Haratetsu Building 
® Santa Clara, CA 95050 % BOURNS AG 4-1-11, Kudan Kita 
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Japan 
Phone: 03/234/1411 
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Can you spot the difference? 
The classical-CMOS RCA 
CDP1805A single-chip ~C 
(left) is fully static, consumes 


E 2 ee PelehEe Hid: : fo Ae a i he te aj oe a. ; PEPEEE 

7.5 mW in operation and 0.25 fd Hasta ee RSL en eae a ee a ae 
mW in standby, and operates | it ee . a Eel ee ee Pele % Diageo per JEP EEE EERE EEE EEE EEE EET ERE DEEEE® 

over —40 to +85°C. The |F : ee ee Aer es PELL EE ® omen. Vics Seas SE eRe eaER ape THEN TREES 


National Semiconductor 
NSC800 (right), on the other 
hand, consumes 50 mW in 
operation and 25 MW in | ae : i eS is Sig Sk We aes : atenae 
standby and functions overO © nw ee ee She es. aac <2. on ceeerinn 
to 70°C. The more complex _ : ~ SSeConeee es cee : go is 
NSC800 is an example of a 
growing trend: the selective 
use of CMOS circuit functions 
in an otherwise NMOS device. 
The approach provides both 
advantages and 
drawbacks—features with 
which you must be familiar if 
you're contemplating a switch 
to some sort of CMOS solution 
to a system-design problem. 
(Photos courtesy RCA) 
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SPECIAL REPORT 








Every key 4- and 8-bit wP and single-chip iC now comes 
in a CMOS version, and 16/32-bit devices will, too. 

But how does the NMOS/CMOS technology used in some 
of these parts compare with classical CMOS? 
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The CMOS bandwagon has begun to roll: Chances are good that within the next 
few years you'll use a CMOS version of the wP or single-chip ~C you now employ. 
As EDN has reported (Ref 1), 30 of the approximately 40 NMOS pP/pC families — | 
are either now available in CMOS or soon will be. And because in many‘cases 7 
| 
| 





more than one source is developing a CMOS version of a given wP or nC, 
hundreds of CMOS device types could soon be in existence. 

The appearance of such a large number of CMOS devices might not be so 
surprising if the trend were confined to the 4- and 8-bit 1-chip wCs, which are 
aimed at use in battery-operated systems. But the switch to CMOS is also 
apparent in midrange, multichip 8-bit wPs, the machines that see the broadest, 
most general-purpose use. And now, with the announcement that National’s 
NS16000 will eventually appear in CMOS, even the new 16/32-bit NMOS 
machines are represented in the trend. : 

The trend is so pervasive, in fact, that some industry observers predict that by 
1990, CMOS parts will be more available and more standard than NMOS devices. 

Fortunately, most of the new CMOS parts, including memories and support 
chips, are being designed as drop-in NMOS replacements. 

But the switch to CMOS is not confined to such NMOS replacements. CMOS 
SSI and MSI gates are also being designed as drop-in replacements for TTL 
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CMOS finds use across 
the entire ~P/wC spectrum 


wP-system glue parts. And in a parallel development, 
more CMOS gate arrays are appearing, which will 
allow w~P-system designers to develop their own custom 
CMOS subsystems. 


Is it really CMOS? 


For more than a decade, CMOS, in the form of SSI 
and MSI logic gates (from RCA, Motorola, National, 
Fairchild and other suppliers) has had its staunch 
admirers, who have asserted that the technology is 
ideal in all respects except economical VLSI circuitry 
and speed. If you are among this band of CMOS lovers, 
you are probably eagerly awaiting the new CMOS puPs 
and wCs, which promise competitive VLSI circuits and 
high speed as well. But be warned: These advantages 
will come at a price. The CMOS being used in these pPs 
and wCs isn’t classical CMOS. Much of it is really 
NMOS, to which 10 to 40% CMOS has been strategical- 
ly added. 

This approach has both good and bad points. On the 
plus side, you won’t have to pay an all-CMOS price 
premium for the new pPs and wCs. But on the minus 
side, the technology’s performance might be disap- 
pointing if you really are expecting the superlative 
performance of classical CMOS. 

Recall that classical CMOS consists of 50% p devices 
and 50% n devices, which function in matched pairs to 
form inverters, transmission gates and other compo- 
nents (Figs 1 and 2). The ideal nature of a classical 
CMOS inverter’s performance arises from the positive, 
push/pull action of the two enhancement-mode devices, 
producing a clean, trigger-like switching transfer 
function (also shown in Fig 1). That is, one device goes 


+ SUPPLY RAIL 


— SUPPLY RAIL N=ON 


USUAL DIAGRAM SKETCHES OF DC BEHAVIOR 


(a) 


Fig 1—The basic CMOS circuit elements are the inverter 
pair (a) and the transmission gate (c). The inverter connects 
across the supply rails, while the gate is inserted in a signal 
path as a controllable series impedance. The inverter pair's 
transfer function (b) illustrates the ideal performance of 
CMOS compared with single-channel NMOS or bipolar TTL: 
Note the rail-to-rail snap action of an ideal CMOS switch. 
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Fig 2—Logic functions .are performed in classical CMOS 
by combining p and n pairs, as shown for these simple 
2-input NOR and NAND gates. A classical-CMOS device 
maintains a strict 50:50 balance between the number of p 
and n devices. 


fully ON while the other goes fully OFF. As a result, 
the output signal swings solidly from one supply rail to 
the other, and only miniscule currents flow through the 
inverter after it has switched—mere nanoamperes. 
This static dissipation appears in the horizontal part of 
the familiar dissipation-with-frequency curve, shown in 
Fig 3. It’s the reason a CMOS wristwatch, for exam- 
ple, operates for years from a tiny button battery. 
Although the basic inverter pair does dissipate power 
when switching through the active region (in the 
middle of the transfer graph, Fig 1b), the dissipation 
arises not so much because both transistors are briefly 
ON, but from the charging and discharging of the 
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circuit capacitance during the switching transition. 
This dissipation increases with frequency and is 
graphed in the upward-sloping portion of Fig 3’s curve. 

Fig 3 is fundamental to an understanding of CMOS’s 
low-power advantage. It tells you at a glance that 
CMOS is no better than any other technology when 
operating at megahertz clock speeds; you can only gain 
the CMOS low-power advantage. when you can slow 
down a CMOS part’s gates—either by reducing the 
clock frequency or by turning the clock on and off for 
intermittent duty cycles. If the CMOS chip is designed 
so that as few of the gates as possible must run at full 
clock speed, so much the better. 

But another problem—beyond the gate-level consid- 
erations—makes it impractical to fully convert an 
NMOS pP or pC system to CMOS. Such a system is 
necessarily built around large amounts of memory, and 
the central arrays of such memory can only be 
economically produced with single-channel circuitry. 
Most chip designers agree that adding extra p devices 
in the central arrays of ROMs and EPROMs would be 
unthinkable—and unnecessary, because these arrays 
can consume little power if only activated when read. 

Ada:ng p-channel devices to RAMs makes more 
sense, if the RAMs aren’t too large, but even here chip 
designers make compromises. As shown in Fig 4, if 
they do use a full-CMOS flip flop, they nevertheless 
employ single-channel transmission gates to drive it. 
More likely, they use very-high-resistance polysilicon 
load resistors in place of the p-channel devices in the 
flip flop; the poly loads provide the static circuit 
behavior expected with classical CMOS but allow for a 
more compact, single-channel central array. 

The fact of the matter, then, is that most of the “new 
CMOS” is just the same old NMOS, to which chip 
designers have added a touch of CMOS. It’s being 
produced on what are essentially NMOS processing 
lines: Adding the p-channel circuitry isn’t difficult, 
because NMOS processes have grown to so many 
steps—11 or so—that the additional few steps required 
for p devices aren’t significant, especially with the 
modern n-well approach. 


Where is CMOS used? 


Now that chip designers do have the freedom to add 
p-channel circuitry and create CMOS stages, how do 
they use this new freedom? Everywhere but in the 
larger memory-cell arrays (Fig 5). Specifically, the 
circuitry appears in decoders, drivers and sense 
amplifiers around the memory arrays and in all of a 
wP’s random-logic areas, such as the ALU and clock 
drivers. In addition, it’s used in off-chip interfaces. 

How much CMOS appears on a chip appears to 
depend on the designers’ goals. According to Richard 
Ahrons of RCA, the three classes of currently available 
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NOTE: 

FOR LSI DEVICES, DYNAMIC 
POWER COMPARISONS ARE 
DIFFICULT BECAUSE USERS 
RARELY KNOW HOW MANY 
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CLOCK. (DESIGNERS SAY 
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POWER CONSUMPTION 
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CIRCUIT OPERATING FREQUENCY 


Fig 3—A power-consumption-vs-switching-frequency 
curve (a) /s the key to understanding how to take advantage 
of CMOS. All digital gates are subject to the same two types 
of dissipation—static and dynamic. However, the static 
dissipation of most is so high that they continue to consume 
the same large amount of power even when their switching 
rates are reduced. CMOS, on the other hand, specs such a 
low static dissipation that its total power consumption drops 
as the clock rate decreases. Dynamic single-channel NMOS 
(and particularly 4-phase logic) has much the same 
characteristics as CMOS, but because it’s dynamic, the 
clock can’t be slowed beyond a certain point, particularly at 
higher temperatures. Representative power-speed levels 
appear for several CMOS devices in (b). 
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Quasi-CMOS has high speed, 
but at a price 


CMOS can be defined by the degree to which p devices 
are added: 

@ Classical CMOS, where the chip designer strives 
for a 50:50 p-to-n ratio. This approach is the most 
expensive in terms of chip area but is used when 
the ultimate in CMOS performance is required. It 
might serve, for example, in systems that must 
operate for long periods from small batteries or at 
extreme temperatures (for instance, down-hole 
instrumentation in oil-well drills, which must 
survive at temperatures to 200°C). It also serves 
in radiation-hardened equipment, although sili- 
con-on-sapphire (SOS) devices might also be used 
in this case. 

@ Commercial CMOS for midrange systems, where 
the chip designer wants to strike an economical 
tradeoff between moderate chip-size increase and 
increased CMOS performance. Here, 40:60 to 
20:80 p-to-n ratios might serve. Most of the 
CMOS versions of 8-bit Ps fall in this category. 

@ Specialized CMOS, used in devices where the chip 
designer normally would remain with NMOS but 
must deal with circuit hot spots. In such cases, 
the designer could selectively throw in a relative- 


The case for CMOS 


ly small number of p devices to meet certain 
design goals, such as use of a lower cost plastic 
package or the ability to operate at a higher 
temperature. CMOS might function on this basis 
in the advanced, very dense VLSI chips for 
16/32-bit wPs and their support circuits. 


How do the CMOS chips stack up? 


Having reviewed the basics, consider some repre- 
sentative examples of CMOS uPs and single-chip wCs. 
The nearby table lists these devices; keep in mind, 
though, that they’re a small number of the hun- 
dreds of CMOS chips that are becoming available. 

The table contains columns for checking off whether 
the devices listed have certain features of interest in 
CMOS applications. They represent some of the 
questions you should be asking, such as: 


Can the part operate over the full —55 to +125°C 
military range? Classical CMOS can, with ease. 
Can the clock go down to de? Classical CMOS 
can—CMOS is inherently static. 

Does the part have microwatt-level standby 
power? Classical CMOS does, when the clock is 
stopped or less than 1 kHz. 


Garry J Anderson, 
Baradine Products Ltd 


Three problems exist in systems 
utilizing TTL and NMOS parts: 
poor electrical noise immunity, 
narrow oOperating-temperature 
range and excessive power- 
supply requirements. CMOS over- 
comes all of these problems. 

The case for CMOS is best 
argued in terms of the many and 
varied application areas that bene- 
fit from using it. The technology 
is most valuable in industry; most 
industrial sites have problems with 
electrical noise, and some exhibit 
wide temperature fluctuations. In 
addition, some undergo frequent 
power outages. In these applica- 
tions, a CMOS system, with its 
higher noise immunity and wider 
temperature range and adaptabili- 
ty to battery backup, is superior. 

In addition, remote data-ac- 
quisition systems are often bat- 
tery powered and operate in an 


outdoor temperature environ- 
ment. Here, CMOS’s low power 
and wide temperature range are 
essential. 

But CMOS also has virtues of 
great interest to nonindustrial 
users. For example, quiet zones 
such as hospitals and offices can’t 
tolerate the constant, irritating 
noise of a cooling fan and hence 
require fanless, convection- 
cooled systems. At the same time, 
the personal computers and termi- 
nals that are proliferating in these 
user environments are being in- 
stalled with larger and more tightly 
packed memory boards. With cur- 
rent NMOS, these closely spaced 
memory boards demand cooling 
fans. But switching to CMOS in 
these systems eliminates the 
need for fans and, in addition, 
provides the desirable feature of 
battery backup. 

The case for CMOS can be 
further argued in terms of the 
general trend toward smaller, 


lighter, more trouble-free systems 
in all application areas. Using the 
technology allows you to halve 
system size and weight. 

For example, in an NMOS-plus- 
TTL system, a linear-regulated 
power supply occupies as much 
of the total volume as the system. 
board—50%. In a CMOS system, 
however, the power supply only 
occupies 10% of the total volume. 
In addition, you can eliminate 
cooling fans and their associated 
enclosure openings and dust fil- 
ters. The resulting CMOS system 
is thus smaller, lighter and more 
reliable. It can in addition be 
sealed against dust and custom- 
er-personnel prying and thus be 
much more likely to operate main- 
tenance-free for years. 


Garry J Anderson is president 
of the North Vancouver, British 
Columbia manufacturer of CMOS 
board-level products. 
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WORD LINE 


DATA LINE 
X = SINGLE-CHANNEL 
(N OR P) 
(a) TRANSMISSION GATE 


DATA LINE 


POLYSILICON RESISTOR 
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(b) 


Fig 4—Even in classical CMOS, RAM cells are rarely all CMOS (a). Although they have fully CMOS flip flops, the transmission gates 
for accessing those flip flops are invariably just single-channel NMOS. Often, to further keep memory-cell size small, manufacturers 
substitute polysilicon load resistors for the p devices in the flip flops (b). Such poly loads keep the RAM static, and they can spec 
very high resistance (many hundreds of megohms), so static power drain is no more than that of pure CMOS. Unfortunately, these 


devices might be unstable at high temperatures. 


Such insight into the nature of .a device’s CMOS 
circuitry could work for you in two ways. If your 
application calls for the ultimate in low power, you'll 
want to choose devices that are close to classical CMOS, 
regardless of their chip size. But if your design will 
always be running at megahertz clock rates and you 
want minimum cost, you'll want to choose a compromise 
“semi-CMOS” part. 

The 1-bit Motorola MC14500B (Ref 2) appears in the 
table because it’s probably the only pP that is fully 
classical CMOS. It was introduced in 1977 as part of the 
Motorola B Series CMOS logic family and accordingly is 
fully static (consuming only 5 nA in the quiescent state) 
and operates over the full military temperature range 
(in a ceramic package, of course). Like the B Series 
devices, it can operate from supply voltages between 3 
and 18V, which gives it an edge in high-noise-immunity 
systems and systems operated directly from unregulat- 
ed power sources. 

The MC14500B comes in a 16-pin package and is 
fairly fast (1 usec) at performing bitwise decision tasks. 
Motorola’s David Babin, who has been handling applica- 
tions for the device, says customers are using it with 
other B Series CMOS logic to implement relay-ladder 
logic and programmable controllers. The only catch for 
the purist is that there are no ROMs in the B Series. 
True, currently available CMOS ROMs and EPROMs 
spec adequately low power consumption and withstand 
military-level temperatures, but none of them operate 
to 18V. Thus, you must resort to such dodges as 
transferring the program from a ROM or EPROM into 
some of the small B Series RAMs (like the 644 14552) 
upon system startup. 
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TYPICALLY SINGLE-CHANNEL (NMOS) 
TYPICALLY CMOS 


COULD BE EITHER 


Fig 5—NMOS areas on a quasi-CMOS chip include the 
central arrays of the program ROM, the microinstruction 
ROM and sometimes the RAM. In most cases, the arrays 
used in ROMs (and in many EPROMs) are dynamic as well 
as single channel. But this construction should not interfere 
with clock shutdown because the ROMs are of course 
nonvolatile. The RAM, however, had better not be dynamic if 
the part is to be put to sleep and reawakened. Much 
advantage still accrues to fabricating the rest of the chip in 
CMOS: the clocking, memory-address decoders, control, 
ALU and I/O are usually where most chip power is consumed 
anyway. 








No »P/pC system can be 
fully converted to CMOS 


This lack of B Series memories, plus the 14500B’s 
primitive architecture (only 16 instructions and no 
program counter), raises questions about the device’s 
ultimate appeal. At least one Motorola spokesman 
agrees that the firm’s 146805 single-chip wC would be a 
better choice. An interesting arrangement might be to 
have the 14500B serve as a peripheral to a pC like the 
146805, with that wC feeding the instructions to the 
14500B. Because the 14500B is static, these instruc- 
tions could be fed asynchronously, as needed. 

The Sharp 530 and 531 4-bit single-chip CMOS wCs 
appear in the table because they epitomize the type of 
CMOS that has permitted the proliferation of some 
rather remarkable consumer products—thin-line pock- 
et calculators and multifunction wristwatches. Most 
consumers now take the prices and performance of 
these CMOS-based products for granted. Yet designers 
should consider what these qualities could mean to their 
product designs, now that CMOS building blocks are 
becoming more generally available. 


REPRESENTATIVE CMOS uPs AND Cs 


The 530 and 581 operate from single 1.5V cells and 
spec power dissipation of only 12 pA at watch-crystal 
clock frequencies (82.768 kHz) and only 1.5 pA in 
Standby mode. This class of wC is intended as a 
complete 1-chip solution for lowest cost consumer 
products, so in the future it will typically include a 
growing number of additional functions. For example, 
the two Sharp devices include their own LCD drivers 
and melody-generating circuits. 

To service all the 530/531’s inputs and outputs yet be 
able to use a small package, Sharp has chosen a 
¥2-in.-square flatpack with 60 leads distributed on all 
four sides. These miniaturized packages should gradu- 
ally become more widely used with CMOS devices as 
designers find they can squeeze more circuits closer 
together and still not require external cooling. 

The 4-bit National COP, 8-bit Motorola 146805 and 
8-bit NEC 80C48 appear in the table as good examples 
of low-end CMOS building blocks for .P-based systems. 
Although mainly intended as masked-ROM high-volume 


RIMITIVE 1-BIT PROCESSOR TO BE USED WITH SSI AND MSI CMOS LOGIC GATES. 


SHARP HIGH-VOLUME 4-BIT DEVICES FOR MINIATURE, BATTERY-OPERATED PRODUCTS. 
SUPPLIER HAS FOR SEVERAL YEARS DEMONSTRATED THAT THESE pCs CAN BE 
SOLD INTO COST-COMPETITIVE CONSUMER APPLICATIONS. 


NATIONAL FLEXIBLE 4-BIT CONTROLLER FAMILY, WITH WIDE VARIETY OF BUILDING-BLOCK 
PARTS. GOOD POWER-DOWN OPERATION. 


MOTOROLA 
(RCA) 


8-BIT nP/uC WITH EXCELLENT ASLEEP/AWAKE CONTROLS. IS FINDING ACCEPTANCE 
IN BATTERY-POWERED INSTRUMENTATION. ENTIRE CPU BOARD BASED ON PART 


(FROM SYNAPSE) ONLY CONSUMES 20 mA RUNNING AND 50 2A STOPPED. 


NEC 
(NATIONAL, INTEL, 


& MANY OTHERS) DOWN SPECS. 
) 


CMOS VERSION OF INTEL’S WIDELY USED 8-BIT CONTROLLER. DYNAMIC, BUT WITH 
GOOD PROVISIONS FOR DATA RETENTION ON POWER DOWN. EXCELLENT POWER- 


RCA ORIGINAL 8-BIT CMOS uP. STILL GOING STRONG. NEW MODELS ARE 1-CHIP 

(HUGHES VERSIONS WITH ENHANCEMENTS. 

INTERSIL CMOS IMPLEMENTATION OF DEC’S PDP-8 12-BIT MINI. ONLY MODERATELY 

(HARRIS) SUCCESSFUL AND NO LONGER VIGOROUSLY SUPPORTED. HAS SOMEWHAT HIGH 
STATIC LEAKAGE. (INCIDENTALLY, DEC OFFERS CMOS VERSION OF ITS PDP-11.) . 


OKI DROP-IN CMOS VERSION OF NMOS 8085. APPARENTLY NOT INTENDED FOR POWER- 
(EXPECT OTHERS) DOWN OR BATTERY OPERATION. 


NATIONAL 
(SMC) 


COPIES INSTRUCTION SET OF Z80 BUT HAS BUS MODELED ON 8085. HAS HEAD 
START OVER OTHER MAINSTREAM 8-BIT MULTICHIP »Ps AND HAS CHANCE OF 


BECOMING AN INDUSTRY STANDARD. 


ROCKWELL 
(SYNERTEK, COMMODORE, 
SUPERTEX, GTE, NCR) 


EXPECT SMALL CHIP AREA FOR ECONOMY AND IN SOME CASES HIGH 
PERFORMANCE. SOME MODELS WILL BE DROP-IN REPLACEMENTS; ALL WILL HAVE 
ENHANCEMENTS. ALSO 1-CHIP VERSIONS. COMMODORE CHIP DYNAMIC, WITH 


0.001- TO 1.5-MHz CLOCK. 


HITACHI 


NATIONAL 
(FAIRCHILD?, 
SYNERTEK?) 


HEAT DOWN. 


NOTES: 


AMBITIOUS CMOS VERSION OF MOTOROLA 6801 1-CHIP »C. ALTHOUGH A DYNAMIC 
CIRCUIT, HAS MEANS TO SAVE RAM CONTENTS. 


EXAMPLE OF PLANNED USE OF CMOS ON LARGE, VERY DENSE VLSI CHIPS TO KEEP 





1. — =NOT APPLICABLE, NA = ACCURATE INFORMATION NOT AVAILABLE. 

2. CAUTION IS ADVISED IN USING DATA IN THIS TABLE. MUCH OF THIS INFORMATION HAS NOT BEEN PUT INTO FORMAL 
SPECIFICATIONS AND CAN ONLY BE OBTAINED ACCURATELY FROM CHIP DESIGNERS. FURTHER, THERE IS A DANGER OF UNFAIR 
COMPARISONS; FOR EXAMPLE, THE QUESTION OF WHETHER CLOCK SPEED EQUALS INTERNAL BUS SPEED. 
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parts, each is now also available (or soon will be) in a 
ROMless CMOS version, so that designers can do 
prototyping and short-run production by using them 
with the growing number of CMOS EPROMs, such as 
the 27C16 and 27C32. (These new CMOS EPROMs, by 
the way, fit into the design picture very nicely: They 
can be used in currently available EPROM program- 
mers because their central NMOS arrays are identical 
to those of their NMOS counterparts.) 

The CMOS versions of the COP and 146805 families 
should be especially welcome to designers of small 
battery-operated controllers because they permit eco- 
nomical production of such products in small runs. By 
contrast, attempting to design these products with 
high-volume masked-ROM-only parts like the Sharp 
chips demands a large up-front investment. 

The COP CMOS devices are strictly static and close 
to classical CMOS, according to a chip designer at work 
on this project. Some have been available in metal-gate 
CMOS for several years, but the plan is to phase in 


YES 
(50:50) 


Baie 
(CEND) 


National’s new double-polysilicon silicon-gate CMOS. 
Parts already out in the new double poly are spec’d 
several times faster than their NMOS predecessors (the 
410C has a 4-ysec instruction cycle, compared with 16 
wsec for the NMOS 410). 

For designers who can’t wait for a CMOS COP 
version or who don’t want to pay a 30 to 50% price 
premium, the 498 RAT (CMOS timer and memory) part 
in the COP family offers a clever intermediate ap- 
proach. This CMOS chip can function as a sort of 
coprocessor with an NMOS COP CPU, allowing the 
NMOS part to be periodically shut down. 

The NMOS host CPU communicates with the RAT 
over a 3-wire serial bus, and the RAT responds to 
commands from the host. The host copies its own RAM 
data into the RAT for safekeeping and sets up the 
RAT’s clock for powered-down mode. The RAT then 
takes over and switches off the host’s power supply, 
executes the timeout and switches the host’s power 
back on. An interrupt or override input to the RAT ean ' 


(10-12 
AT 32 ihe & 1.5V) 
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NO YES YES 1000 & 1 
NA (HALT) (INT) 
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CMOS types fall into 
three basic categories 


repower the host in an emergency. You can see that the 
RAT effectively implements the go-to-sleep and wake- 
up features found in CMOS CPUs, including those in the 
COP family. | 

Meanwhile, the ROMless CMOS version of Motorola’s 
6805 family, the MC146805E2, has several features in 
its favor. It’s now a proven device whose price has 
dropped from $45 to $6.60 (100). At least one board- 
level supplier exists. And most reassuring, it will have 
a second source with an excellent reputation in 
CMOS—RCA. 

The NMOS 6805 wC is a cut-down version of 
Motorola’s 6800, with just one accumulator and a short 
8-bit index register. At the same time, it adds some 
efficient bit-test instructions. These architectural and 
software tradeoffs have aided fabrication of the chip’s 
CMOS version: They have kept chip size down while 
enhancing controller performance. The CMOS version 
especially shines in its well-thought-out power-down 
and restart modes; the early RCA 1802 and Intersil 
6100 Ps, although static, did not have the controls for 
automatically powering down and restarting (RCA says 
some new 1802-family members will). 

The 146805 is not only static, but also has the means 
to fully utilize that feature. For example, it can put 
itself into two different power-down modes (Wait and 
Stop) and be reawakened from each. 

In the Stop mode, the STOP instruction actually 
shuts down the clock oscillator so that the chip is totally 
dead, affording minimum power consumption. Howev- 
er, because the chip is static, the on-board RAM retains 
its data. In this mode, the device only draws quiescent 
or leakage current, which can be at the microamp level 
(nanoamps for selected devices). 

The chip can be awakened from this complete 
hibernation by either a reset or interrupt input. 
Reawakening by interrupt is the most impressive 
method, because then the 146805 can continue from the 
instruction at which it left off. When these inputs 
toggle the wC’s clock-control flip flop, a delay occurs to 
assure that the clock has come up to stable oscillation 
before regular execution begins. The 146805’s own 
timer counts out 1920 clock-oscillator cycles before 
allowing the wC to vector to the respective service 
routines. 

In Wait mode, evoked by the WAIT instruction, the 
clock remains running so it can drive the on-chip timer 
to determine the Wait-state duration. Disconnecting 
the CPU from the clock stops it. Because the clock and 
timer remain running, power consumption is higher in 
this mode—but still less than 1 mW. The chip can be 
awakened from Wait by the timer interrupt as well as 
by a reset or interrupt as in Stop. 

Although the 146805 is static and specs very low 
quiescent power, don’t assume that it’s pure CMOS. It 
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Fig 6—The use of CMOS portends a trend to smaller package size. 
NEC offers flat packages (shown next to standard DIPs) for the 
80C48 single-chip \.C as well as for the firm’s 4-bit ~Cs. And Motorola 
Offers its 146805 in a leadless chip carrier. Because CMOS runs cool, 
designers will thus be able to squeeze their systems onto smaller pc 
boards and into smaller enclosures, saving money in the process. 


uses extremely-high-resistance (many hundreds of 
megohms) polysilicon resistors as loads for the NMOS 
flip flops in its on-chip RAM array. Thus, it could be 
vulnerable to high operating temperatures, although 
second source RCA says recent research might solve 
the poly load resistors’ vulnerability problem. 

Another key CMOS device is the 80C48 single-chip 
wC. This part holds a special significance with respect 
to CMOS: It was the first NMOS processor to be 
converted to CMOS§; about 4 yrs ago, Intersil designers 
first attempted such a conversion. Intersil struggled 
vainly for several years to produce its 87C48 EPROM 
version with acceptable yield and finally set it aside for _ 
the simpler masked-ROM 80C48. But according to 
current competitors, the firm only succeeded in making 
users wary of whether any economically viable CMOS 
version of the widely used 8048 could ever be produced. 

That wariness is receding. Currently, NEC says it is 
the leader in 80C48s, having delivered some 200,000 
parts since last year. NEC’s device costs 70% more 
than the NMOS 8048—$5.50 vs $3.00 (1000) (not 
counting the mask charges for either version). 

The NEC 80C48 is a dynamic part with a minimum 
clock rate of 100 kHz. It can, however, enter a 
power-down mode, in which the key registers get saved 
and the power drain equals 10 pA typ. The device’s 
spec’d temperature range is just —40 to +85°C, but 
down-hole-instrumentation customers have found that 
it works to 150°C with clock derating. 

National, Intel and Toshiba are also in the 80C48 
picture, and many other firms promise to follow suit. 
You can assume that because the NMOS 8048 is the 
most broadly second sourced of all processors, its 
CMOS version will likewise have the most sources. 

This large number of second sources might not help 
users as much as they might expect, though, because 
each second source is taking its own approach. Thus, 
although all parts will be 99% identical, the hardware 
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and software embellishments designed to take advan- 
tage of CMOS power-down features will be different. 
And these power-down differences will go beyond the 
many internal differences in CMOS processing and 
circuit techniques, which themselves might or might 
not be transparent to users. 

NEC admits its parts differ from Intel’s and other 
firms’ because they use a fairly ambitious power-down 
scheme whereby a 2-bit control word gets formed with 
the inputs froma hardware pin and a HALT instruc- 
tion. This approach, it says, permits a user to choose 
among several power-down tradeoffs. For example, 
most of the chip can be left running, but the I/O can be 
shut down, lowering power-supply current to 2 mA 
from 6 mA (at 6 MHz). Alternatively, the user can 
choose a “deep coma” mode, shutting everything down 
but the data-save registers, which get put on 2.7V 
standby, cutting the device’s drain to 10 pA. 

You will in practice also note very large variations in 
the minimum power drains of all the CMOS 8048s, 
regardless of the supplier. Not only will the asleep 
drain increase with increasing temperature, as you’d 
expect, but the asleep drains for individual chips will 
vary widely (selected NEC parts are reported to spec 
250-nA asleep drains). 

How will you be able to deal with the apparent 
incompatibilities among CMOS 8048s? In what might be 
one step toward a solution, NEC says it and Intel have 
joined to work on a future 80C48 that will be a superset 
of their current versions and will have identical 
go-to-sleep and awake modes. Part of this standardiza- 
tion might include a common version of NEC’s small 
flatpack—a very-low-profile square package, about the 
size of a quarter, with 11 leads on each of four sides. 

Meanwhile, of the two original CMOS pPs, the RCA 
1802 and the Intersil IM 6100, only the 1802 remains 
vigorously supported. RCA and Hughes are in the 
process of rounding out the single-chip additions to this 
family: the 1804, 1805 and 1806. 

The 1802 has several compelling strengths of interest 
to designers with an immediate need for extreme 
reliability in harsh environments. It has an enviable 
record for successful performance in space exploration, 
for example. And on earth, it has survived for useful 
periods in the 200°C of oil-well down-hole use. 

Some time will pass before any of the new CMOS pPs 
or #Cs can match this performance. And in some 
cases, they might never be able to equal the 1802’s 
harsh-environment performance because of the semi- 
CMOS compromises used to keep their chip size small. 

The 1802’s main shortcoming is the family’s unusual 
architecture. Yet many of the designers who use the 
device term this architecture “brilliant,” and to them 
it’s the secret of why the 1802 is able to run high-level 


interpretive languages such as FORTH so efficiently. 
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Meanwhile the device’s continuing high sales volume— 
several million units per year—assures its continued 
availability. 

The 1802, however, is a rather specialized device. 
And it seems logical that for most designers, the 
greatest activity will occur in the CMOS versions of 
more mainstream 8-bit NMOS machines. For the past 
several years, the Z80 and the 6500 have been the 
highest volume NMOS units, so you can expect the 
greatest amount of activity to occur in the CMOS 
versions of these two families. 

In this regard, it looks like National could have a 
winner in its NSC800, a CMOS version of the Z80 with 
the 8085’s multiplexed address/data bus. Several sup- 
pliers for the STD Bus line are putting out boards based 
on the 800, and they are even working on a proposed 
standard for CMOS use on the STD Bus that favors the 
800 (Ref 3). 

The 800 is definitely not a classical static CMOS chip 
like the RCA 1802; National freely admits that it has 
intentionally used a 40:60 p-to-n transistor ratio and 
that much of the chip’s logic is dynamic 2-phase NMOS. 
The minimum clock speed is about 32 kHz (so the device 
ean function with watch crystals). National’s motiva- 





Bus CPU card from Baradine Products (North Vancouver, British 
Columbia) draws only 50 mA at 1 MHz. It uses National’s NSC800 
CMOS uP and houses three 28-pin byte-wide sockets for CMOS 
ROMs, EPROMs and RAM (a 24-pin 27C16 is in one). The glue parts 
are the new CMOS replacements for LSTTL from Mitel, National and 
others, as well as one or two parts from RCA’s 4000 family. Because 
the STD Bus was defined for NMOS parts, the shutdown and restart 
controls for power saving must be implemented on the card's user 
edge. Note the antifloat pull-up resistors next to the bus drivers; they 
are important in CMOS systems, where they prevent increased 
power drain and erratic action. 
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4-bit CMOS puPs find high use 
in battery-operated controllers 


tion, of course, is to keep die size down despite the 
many registers in the Z80 architecture, allowing the 
800’s price to eventually be competitive with that of 
NMOS parts. : 

Yet the NSC800 does promise to provide some of the 
low-power and high-temperature performance charac- 
teristic of classical CMOS, according to National 
sources (and some of the firm’s customers). For 


example, National says the 800 operates over the full 
—55 to +125°C temperature range without clock 
derating and that it is being evaluated for use at even 
higher temperatures. 

Because of the large, established market for Z80- 
type pPs, expect Zilog and other US and Japanese 
suppliers to compete with National in CMOS versions of 
the 8080, 8085 and Z80. As with the 8048, these devices 


Manufacturers of CMOS Ps and single-chip Cs 


For more information on CMOS up Ps and single-chip Cs, contact the following manufacturers directly or circle the 
appropriate numbers on the Information Retrieval Service card. Essentially, any company with an MOS process is 
today also likely to make CMOS devices. EDN suggests that you also contact custom-MOS and gate-array houses, 
because some of these are now considering offering 1Ps and »pCs as part of their circuit libraries. Many of these 
specialty houses concentrate on CMOS. 
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Cambion Mark IV 
Lo-Profile IC Sockets 


with Dual Inverted Leaf Side-Wipe Contacts 
for automatic insertion in PC boards! 


ss 








6- to 64-Pin 


Positions 


Ladder Frame 
Construction 

for improved air-flow 
around IC 


Lo-Profile 
155" maximum 





Solder Tab 
alignment/orientation 
same as IC lead 


And now—for the first time— 
specifiers can have all the 
advantages of Cambion’s well- 
proven Dual Inverted Leaf Side- 
Wipe Contacts (easy, secure 
insertion/extraction, low contact 
resistance, twice the contact 
area, and high reliability) in an 
IC socket that’s truly designed 
for rapid and safe automatic 
insertion of socket to PCB 

and IC to socket! 
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Finishes: 
electrotin all over, or gold/ 
contact tin-lead/ tab 
(beryllium copper) 


Prices are right. Quality is flaw- 
less. Fast delivery from our 
computerized off-the-shelf 
inventory. For details with 
specs, get the new Cambion 
Mark IV IC Socket brochure— 
for samples, phone your local 
Cambion distributor or 

(617) 491-5400. 

With Cambion’s time-tested, 
field-proven components, you 
Canassume quality, and free 


Wide Target Entry 
.036" square for rapid and 
safe automatic insertion 


Buttable 
end-to-end and 
side-to-side 


Black Glass 
Reinforced 
Polyester Molded 
Body 

rated UL 9V V-0 


Kapton™ Anti- Wicking 
Barriers 

prevent IC leads from short- 
ing to PC traces beneath 
sockets 






Moisture Bosses 
to assist flux removal after 
soldering 





underside view 
Dual inverted Leaf 

Side-Wipe Contacts 

(of phosphor bronze.or 

beryllium copper) for easy, 

secure insertion/extraction 

of IC 


your time for true design 
engineering! 
Come on, make 
The Right 
Connection. 


Get the new MARK IV 
IC Socket Catalog! 





Midland-Ross Corporation 


Cambion Division 


One Alewife Place, Cambridge, MA 02140 
Tel: (617) 491-5400 
Telex: 92-1480 TWX: (710) 320-6399 
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CMOS 8048s will vary 
in many subtle ways 


will be only 99% alike—and that 1% difference could 
drive users crazy. 

Turning to the 6502, note that its architectural 
features are well suited to efficient conversion from 
NMOS to CMOS. The device has a small chip area in 
NMOS, and it’s fast. The small NMOS chip size makes 
for a small, producible CMOS chip, and the NMOS 
part’s throughput will be enhanced in the CMOS 
versions because their finer geometry will allow them 
to run at faster clock rates. 

At least four CMOS versions of the basic multichip 
6502 wP will be available, along with some CMOS 
versions of Rockwell’s 6500/1 single-chip-wC variant. 
Three of these will come from the current sources of the 
NMOS 6502: Commodore/MOS Technology, Rockwell 
and Synertek. In addition, Supertex, a company that 
has never produced an NMOS 6502, plans a CMOS 
version. The devices are in varying stages of comple- 
tion and should be introduced late this year or sometime 
next. 

A survey of the suppliers reveals that, as with the 
8048 and NSC800, differences will exist among these 
CMOS versions. For example, Rockwell, Supertex and 
possibly Synertek plan static devices, but Commodore 
has elected to use dynamic circuitry and so will have a 
minimum clock speed. 

Rockwell is particularly bullish about its CMOS 6502. 
This chip might actually turn out to be smaller than its 
NMOS predecessor, thanks to its finer geometry (3 wm, 
compared with 5 um in the original). Rockwell also 
expects a very low dynamic dissipation—the spec will 
start out at 4mA/MHz but could test out at 1 mA/MHz. 

Rockwell and Supertex are promising 4-MHz speed 
for their CPUs.. This speed, along with the 6502 
architecture, could force the use of expensive fast- 
access memories (85-nsec access time). Therefore, 
Rockwell says it will produce a special part, the 
65C 102, that will bring out the , system clock rather 
than od: as on the 6502. This feature will stretch access 
time to 170 nsec. 

Commodore is taking a different tack, aiming its 
CMOS 6502 at the handheld-computer market, which 
requires only moderate clock speeds to keep operating 
power consumption down but also requires a highly 
producible, economical chip. As a result, Commodore’s 
chip designers say they have remained with their 6-um 
process and only expect to achieve a 1.5-MHz clock 

speed. 

A factor to watch in all forthcoming CMOS versions 
of Ps and single-chip wCs is the degree to which they 
might be able to change their instruction sets to deal 
with competition. Already, keen competition is occur- 
ring among suppliers as they try to outdo each other by 
providing software features. Chip designers say that 
everyone is using microcoded instruction-decode ROMs 
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(invariably in dynamic NMOS arrays), so it should 
prove much easier for suppliers to juggle their addition- 
al instructions. Therefore, expect a great deal of 
competitive jockeying over the next few years with 
respect to the additional instructions used in the CMOS 
machines. Nobody yet knows which of these CMOS 
embellishments to the NMOS devices will become 
standard features. EDN 
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16K CMOS RAMs charge new frontiers. 


HM-65161B-5 
HM-65161-5 
HM-65161-9 
HM-65161-2/8 


0 to +70°C 
0 to +70°C 
— 40 to +85°C 
—55 to +125°C 


Up 





graded 4K CMOS RAMs 


blast old time barriers. 


Now industry’s quickest — 
for both commercial and 
military applications. 

Keeping in the role as the industry 
innovator, Harris has upgraded the 
HM-6504 4K x 1 and HM-6514 

1K x 4 static RAMs — making 
them the world’s fastest synchro- 
nous 4K RAMs. 

Available in 120/200/300 ns 
options, HM-6504 and HM-6514 
CMOS RAMs are specified over 
military, industrial and commercial 
temperature ranges. 


Using Harris’ six-transistor cell 
design approach and scaled 
SAJI IV process, these enhanced 
speed performances are achieved 
while requiring just 7 mA/MHz 
operating supply current. 

Standby currents are only 50 pA 
for MIL-SPEC devices and 25 pA 
for industrial products. The 
HM-6504 and HM-6514 represent 
the leading edge of CMOS RAM 
performance and quality levels. 

For details, check the appropri- 
ate coupon box. 


Asynchronous 2K x 8 
static RAMs for fastest 
speed. Synchronous 

2K x 8 static RAMs for 
lowest power. 


Harris continues to take the lead 
in CMOS with both synchronous 
and asynchronous 2K x 8 static 
RAMs — the best speed/power 
performers in the industry. 

The world’s fastest low-power 
RAM, the Harris HM-65161 is 
available in 55 and 70 ns access 
time versions with a power con- 
sumption of only 385 mW. It is 
the latest addition to the full line 
of Harris CMOS products, and in- 
corporates the same high-quality 
standards that have made Harris 
the industry leader. 

Offering the lowest power, the 
Harris HM-6516 has standby 
currents of 50/100 A with an 
operating current of 10 mA/MHz. 
The HM-6516 full CMOS six- 
transistor cell assures low power 
over extended military and indus- 
trial temperature ranges. 

For more information, check 
the appropriate box in this Harris 
Spectrum’s request coupon. 


Watch for more high- 
performance products as 
Harris introduces the super- 
fast HM-65261 16K x 1 
CMOS RAM. 




















because of the inherent advan- 


Harris CMOS PROMs quintuple your edge. 





Low Power 

Consumption. 

Harris CMOS Fuse PROMs offer 

the systems designer an ultra-low 
ower alternative to conventional 
ipolar PROMs and NMOS 

EPROMs. 

This advantage gives you the 
competitive edge to use PROMs 
in such low-power applications as 
battery-powered circuits or 
CMOS microprocessor-based sys- 
tems — and still maintain low- 
power compatibility. 





Extended 


Temperature Range. 


Extremely reliable high- 
temperature operation is realized 





* Guaranteed over full industrial and military temperature and voltage ranges. 











tages of fuse link technology, and 
operating your system at a low 
overall power level. 

All Harris CMOS PROMs are 
guaranteed over the full industrial 
and military temperature ranges. 





Long-term 
Reliability. 
Information stored ina CMOS 
PROM will virtually last forever 
— a far-better record than most 
competitive products. 

Harris CMOS fuse link PROMs 
store information in a permanent- 
ly programmed polysilicon fuse. 
This fuse link technology gives 
the user a PROM with perma- 
nent, stable characteristics for 
the life of the part over the full in- 
dustrial and military temperature 
ranges. 

High degrees of data integrity 
can be achieved with CMOS 
PROMs in extreme operating 
conditions due to the stability of 
the programmed polysilicon fuse. 
Data stored in these polysilicon 
fuses can withstand the stresses 
of temperature, radiation, and 
time better than any alternate 
means of non-volatile data storage. 


HARRIS CMOS PROMS 
PRODUCT SUMMARY 


| Standby 
| Current* 


t Winter, 1982 





High-Speed. a 


Harris CMOS PROMs offer you a 
better speed/power product than 
any other form of permanent 
storage memory. 

Maximum access time can be as 
fast as 125 ns over full military 
temperature and voltage ranges. 
You no longer have to sacrifice 
system speed to take advantage of 
low-power CMOS technology. 


Watch for new Harris 16K CMOS 
PROMs with speed options to 
100 ns. Coming soon. 


Synchronous 
Operation. 


Harris CMOS fuse link PROMs 
work hand-in-hand with all multi- 
plexed address and data bus 
microprocessors. 

On-chip address latches allow 
for easy interfacing. 

In all, Harris CMOS PROMs 
give you an attractive alternative 
or your high-performance appli- 

cations. For complete details, 
check the appropriate box in the 
request coupon. 





Harris octal latch driver 


cools the competition. 


Check the appropriate coupon 
box for full details and a Harris 
82C82 sample. 

Look for more 80C86 family 
a og aes to be introduced this 

all. 


Bipolar performance in 
CMOS. 


The Harris 82C82 CMOS octal 
latch bus driver offers all the per- 
formance of its bipolar counter- 
part, plus substantially cooler 
power requirements. 

The 82C82 draws only 10ynA 
standby current. Compare that to 
any bipolar competitor. Still, it 
delivers 35 ns maximum propaga- 
tion delay driving a 300 pF load, 
guaranteed over the entire tem- 
perature range — 

Industrial: —40°C to +85°C. 
Military: —55°C to +125°C. 

The Harris CMOS 82C82 octal 
latch driver also has gated inputs 
to reduce device and system 
operating power requirements 
even more. 
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Enhanced CMOS 
Manchester encoder! 
decoder hits 2.5 Mbit/sec 
data rate. 


The new Harris HD-15531B CMOS 
Manchester encoder/decoder allows 
virtually trouble-free, long distance 
serial communication, over wire, 
computer-to-computer or computer- 
to-peripheral, in electrically noisy, 
industrial environments. 

Capable of speeds up to 2.5 
Mbit/sec, the HD-15531B is an 
upgraded version of the Harris 
HD-15531, with id ae power 
consumption of only 40 mW/MHz. 
It is available in both industrial 
and military temperature ranges. 

To get all the facts, check the 
appropriate box in the request 
coupon. 


Harris Technology 
... Your Competitive Edge 


fi HARRIS 
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The most complete coverage of 
printed circuit / microelectronics 
manufacturing in the Pacific Northwest 


National Electronic Packaging and Production Conference 


northwest 


[Orel al(=1(-1ser- Va > dallejiiieis| 


Packaging 
Production 
Testing 





NOVEMBER 9-11, 1982 
San Jose Convention Center 
San Jose, California 


Geared especially for electronic 
prototype designers, production 
engineers and test specialists 


It’s all there, as Northern California Electronics News 
pointed out: “You can put together an electronic system 
manufacturing facility . .. from printed wiring board to pack- 
aged, fully-tested product ... out of the exhibits at NEPCON 
Northwest.” 


Hundreds of specialists will demonstrate how their products 
will help you do a better job. PLUS, the conference program 
adds modern technology and cost-cutting techniques, pre- 
sented by leading industry experts. 


SHOW HOURS: 


Registration begins at 
8:00 AM daily 


Exhibits open 
1:00 PM - 7:00 PM Tues., 
10:30 AM - 4:00 PM Wed. and Thurs. 


Conference Program 
starts 9:00 AM daily 


Sponsored by: 

Electronic Packaging and Production 
Semiconductor International 

International Electronic Packaging Society 
California Circuits Association 


CK 


Cahners Exposition Group 

Cahners Plaza, 1350 E. Touhy Ave. 

P.O. Box 5060, Des Plaines, IL 60018 
(312) 299-9311, Telex 82882 CEG/CHGO 





FOR FREE ADMISSION TO THE EXHIBITS 
and program registration data, 


MAIL THE COUPON BELOW... TODAY: 


TO: NEPCON NORTHWEST ’82 
c/o Cahners Exposition Group 
Cahners Plaza, 1350 E. Touhy Ave. 


Des Plaines, |L 60018 


0 Please send me application for FREE ADMISSION to the exhibits, 
and program registration data. 


Name 


Company 
Address 
City/State/Zip 


| 
| 
| 
| 
| 
| 
| 
| Title 
| 
| 
| 
| 
| 
| 
| 


Phone ( 
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Analog design techniques 
suit process-control needs 


Although analog circuits are relatively inflexible, they can furnish 
process-control systems with operational features comparable to 
those attainable using digital methods. A stepper-motor 
pump-drive application illustrates the techniques involved. 


Jim Williams, National Semiconductor Corp 


For many process-control applications, analog control 
circuits prove a better choice than their digital 
counterparts, especially when you expect low product 
volumes and when fast design time and high noise 
immunity are design priorities. In fact, if you’re 


PROCESS 
VESSEL 


CONTROL 
COMMANDS 
TO PUMPS 


COMPUTER 


Fig 1—1n this conceptual computer-controlled chemical- 
mixing system, the computer governs several pumps 
delivering chemicals to the process mixing vessel by 
periodically sending updated pulse-width-modulated com- 
mands that control the pumps’ speeds. 
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working with well-defined operational specifications 
and don’t anticipate having to make major modifica- 
tions, analog methods serve as viable alternatives to 
intelligent but dedicated and expensive hardware/ 
software approaches. 


Controlling a pump’s speed 


To demonstrate, this article describes the design of 
an analog pump controller that manipulates computer- 
generated command pulses to regulate stepper-motor- 
driven pumps in a critical chemical-mixing process. The 
controller/pump system furnishes precise fluid delivery 
at both fast and slow rates, a requirement often arising 
in chemical and biological process-control systems, 
which demand high pumping rates for flushing or 
process startup and slow but accurate flow rates for 
mixing precise amounts of liquid. Although de motors 
can deliver adequate high-speed performance, they 
often need complex and expensive digital control to 
perform well at very slow speeds. In contrast, exponen- 
tially driven stepper motors can easily handle a pump’s 
conflicting high- and low-speed drive requirements. 

Fig 1 diagrams a computer-driven system that 
governs several pumps feeding an intricate chemical 
process. The computer controls each pump’s speed by 
periodically sending a pulse-width-modulated control 
command. Because the computer runs in a time-shared 
manner, each pump controller must retain the last 
received pulse width’s value. 

In this application, each pump gets speed-updated 
every 30 sec by a 50- to 1000-msec pulse. The pump 
drive must provide optimum speed-setting resolution 
for the low-speed ranges to provide increasingly slower 
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flow rates as the system approaches crucial mixing 
conditions. And the controller must possess a high 
degree of noise immunity to prevent spurious noise- 
induced responses from degrading process quality. 
Fig 2 illustrates a wP-based-controller scheme. In 
this arrangement, the computer delivers an input pulse 
that gates a clock. The clock in turn serially loads a 
bank of parallel counters that determine the input pulse 
width. The counters address a processor section that 
converts input data to a frequency output, using an 
exponential transfer function—a nonlinear response 
that achieves the required high resolution (precise 
liquid delivery) at slow pump speeds. Finally, the 


LEADING-EDGE 
RESET 


PULSE-WIDTH 
INPUT 


FROM 
COMPUTER 


MEMORY 


frequency output activates a stepping-motor driver 
that runs the pump. 

On the surface, this digital controller’s operation 
appears relatively simple. However, the application 
masks some tricky design problems. For example, the 
lengthy period between speed updates, coupled with 
the need to avoid erroneous pump responses, mandates 
careful power-supply design, including provision of 
such functions as RFI filtering, memory battery 
backup and self-checking software. 

In addition, the need for a high-resolution, smoothly 
varying frequency-output function demands careful 
design attention to how the processor synthesizes its 


STEPPING 
MOTOR 


COUNTERS 


FREQUENCY 
OUTPUT 


Fig 2—Upon receiving gated pulses, a uP converts timed computer data into a frequency output, using an exponential transfer 
function. This nonlinear response results in the necessary high-resolution-at-low-speed characteristics for accurately controlling 
pump operation with a stepper-motor driver. The problems that can arise with this digital approach to controlling Fig 1's mixing 
system include noise sensitivity, memory-retention difficulties and an undesirable quantized frequency-shift characteristic. 
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SAMPLE/HOLD 


STEPPING 
MOTOR 


TURNOFF 





SAMPLE = NO INPUT PULSE 
HOLD = INPUT PULSE 


Fig 3—In this analog-pump-controller approach, a computer's command pulses direct a current source, which in turn charges a 
storage capacitor that provides noise-immune analog-data retention. When the command pulse ceases, the sample/hold amp 
receives the capacitor’s stored voltage and delivers it to the exponential voltage-to-frequency converter (VFC). The VFC activates 
the stepper-motor driver in a continuous, smooth manner; the turn-off stage deactivates the motor driver. 
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Analog functions prove adequate 
in simple process-control tasks 


output. Although these problems are amenable to 
solution, they complicate the controller’s design and 
entail lengthy development time and high cost. 


Take the analog route 


Considering the task’s conceptual simplicity, howev- 
er, reveals a clear edge for an analog-control approach 
to satisfying this application’s critical requirements. A 
turnkey system, it needs little intelligence or flexibility 
and can employ a straightforward data-retention struc- 
ture. And although the digital ~P-based approach can 
also meet these requirements, it involves substantial 
hardware and software overhead to overcome noise- 
immunity and frequency-shift-resolution problems. 

The analog-based design surmounts these obstacles, 
providing inherent noise immunity and superior fre- 
quency-vernier capability. More important, though, an 


NOTES 

MOTOR = SUPERIOR ELECTRIC MO62-FD04 
IC, 2 =LM339 QUAD COMPARATOR 

Ay 2 3=LF412 DUAL OP AMP 

DIODES = 1N4148 

1k+ =TEL LABS TYPE Qa 
*=1% FILM 
t = TEMPERATURE COMPENSATING 
tt = POLYSTYRENE 
INPUT PULSE WIDTH RANGE = 20 mSEC TO 1.1 SEC; 
A 1.5-SEC PULSE WIDTH DISABLES PUMP 


15V 


1.2k 
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analog approach eliminates the intensive software 
effort required by P-based methods. As a matter of 
record, the analog pump-controller design was con- 
ceived, breadboarded and released for production in 
just 4 wks—and at a cost competitive with an 
alternative ~P-based method. 

Fig 3 depicts the analog system. In this scheme, a 
capacitor furnishes memory storage. An exponentially 
responding voltage-to-frequency converter (VFC) ful- 
fills the function of Fig 2’s processor. In operation, the 
computer’s command pulse gates a current source that 
linearly charges the storage capacitor. While the 
capacitor is charging, the sample/hold stage enters 
Hold mode, blocking the capacitor’s ramping action 
from the VFC. 

When the command pulse just ceases, the capacitor 
achieves a voltage level that the sample/hold accepts 


OV 


25k 





20k 1V_ 2.2k 


O-— 15V 
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and feeds to the VFC. By issuing an extremely wide 
pulse, the computer actuates the turn-off stage, which 
deactivates the stepper-motor drive. 


Optoisolation eliminates noise 


Fig 4 shows the analog pump controller’s schematic 
diagram. To initiate circuit action, the computer sends 
an input pulse to the 4N28 optoisolator, which elimi- 
nates noise-pickup-induced ground-loop and data-line 
problems. Appearing at its emitter, the optoisolator’s 
output (Fig 5, waveform A) goes to IC, and ICig. ICi,4’s 
differentiator setup—a 0.001-wF/33-kQ combination— 
generates a short pulse (Fig 5, waveform B) that biases 
Q;. This transistor in turn resets its associated 1l-ywF 
capacitor (Fig 5, waveform C). 

Note that Q,’s emitter supplies the current to 
base-bias Q; ON because IC, is an open-collector 


3.3k 
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device. In turn, Qs receives its base bias from the 
optoisolator, which provides a drive output only when a 
command pulse appears at the controller circuit’s input. 
Consequently, in the highly unlikely event that a 
severe noise disturbance causes [C,,4’s output to rise, Q, 
still doesn’t receive a drive pulse, and its 1-wF capacitor 
does not get reset. 

The 1-MQ/4.7-wF filter, which feeds IC,4’s minus 
input, provides additional noise immunity by ensuring a 
stable trip point during noise disturbances. The 
optoisolator’s output also goes to IC,g, which gates the 
Q, current source. When Q,; turns off, its 1-~F capacitor 
immediately starts to ramp up (Fig 5, waveform C). 
(Circuit-operation speed in Fig 5 has been increased to 
provide optimum waveform photographs.) Then, the 
Aig follower unloads the capacitor. 

Diode/capacitor decoupling of Q; assures high noise 


15V 


ie, 15 
SOW - 2 SOW 


10k 


FROM Q, COLLECTOR 


FROM Q, COLLECTOR 
FROM Q, COLLECTOR 
FROM Q, COLLECTOR 


oS 100 pF 


ostt 39k 





O Vrer 


Fig 4—This pump-controller circuit /ncorpo- 
rates inexpensive standard analog components 
that produce sophisticated computer-like 
stepper-motor-drive control. It employs an 
optoisolator for noise immunity, an expo- 
nentially responding voltage-to-frequency 
) converter for precision slow-motor-speed 
variation, a counter chip for feeding phased 
drive signals to the stepper motor and 
trimmers for adjusting the circuit’s opera- 
tional endpoints. 
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A voltage-to-frequency converter 
controls stepper-motor drive 


rejection, even for supply dropouts, during the capaci- 
tor’s ramp time. During ramping, IC2,’s output stays 
LOW and shuts off S,;. This switch maintains Aj,’s 
output at a de level. When the controller’s input pulse 
ceases, ICip’s output goes LOW and disables Q,;. The 
integrating 1-~F capacitor therefore stops charging. 
Concurrently, IC24’s output goes HIGH and closes §). 
As a result, Aj,,’s output changes to the capacitor’s 
newly acquired level. Located in A,,’s input section, the 
3-MQ/0.47-F filter provides a time constant that limits 
the stepper motor’s acceleration rate, thereby prevent- 
ing stalling. 


Try an exponentiator 


Op amp Aj,’s output feeds the A,-A; configuration, 
which forms an exponentially responding VFC that 
controls the input current to the A3,-A3z integrator- 
comparator-type oscillator stage. To accomplish this 
function, Asg and the LM394’s dual transistors consti- 
tute a voltage-input, current-output exponentiator in 
accordance with transistor Vgr-vs-Ic characteristics. 

The 1-kQ temperature-compensating resistor con- 
nected to the LM394 thermally compensates for the 


HORIZONTAL SWEEP- 
1 MSEC/DIV 
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HORIZONTAL SWEEP- 
1 MSEC/DIV 


Fig 5—Important waveforms found in the analog pump 
controller's input section include the 4N28 optoisolator’s 
pulsed emitter output (A), 1C1,’s plus input or memory-reset 
spike for biasing Q7 (B), Q7’s output or current-source-driven 
ramp for resetting the 1-~F memory capacitor (C), IC;p’s 
output pulse for shutting down the stepper-motor driver via 
IC2p3 and ICac (D) and IC,¢’s plus input, which never charges 
above 10V for the normal range of incoming pulse widths (E). 








Fig 6—The CD4022 counter chip in Fig 4’s pump-controller 
circuit sends properly phased frequency-modulated drive 
signals to the pump motor. Waveform A, for example, 
represents Az3a's ramp output; waveform B shows Asp’s 
positive input reset signal; waveform C details Azp’s output 
pulse; and waveforms D through G depict the four phase- 
drive signals to Q3 through Q¢ via diode-ANDed outputs. 


KT/Q drift factor. Similarly, the LM394’s dual transis- 
tors suppress Vzx’s contribution to temperature error. 
Aza biases the exponential converter’s input range by 
combining Aj,’s output with the necessary offset term 
for proper exponentiator operation. Trimmers allow 
you to adjust the 1200- and 0.2-Hz endpoints. 
Asp’s pulse-train output contains frequency compo- 
nents that relate exponentially to the controller cir- 
cuit’s most recently received input-pulse width. It 
drives the CD4022 counter chip, which generates four 
properly phased signals (Fig 6) for driving the stepper. 


Driving the pump 
The additional sections of IC; and IC, allow the 
computer’s command pulse to shut down the pump. For 
the normal range of input widths, the 1-wF capacitor at 
ICic’s plus input (Fig 5, waveform E) never charges 
above 10V. Under these conditions, IC,:’s output 
always stays LOW. The only source available to charge 
the 1-F capacitor tied to IC23’s minus input thus comes 
through the 18-MO resistor. 
However, during normal operation, Aj,’s output 
remains positive, ensuring that IC2»’s negative input 
EDN SEPTEMBER 29, 1982 








Now there's a fast, easy, economical way 


to get lettering that meets 
the same high specifications 


Most architects and engineers 
are perfectionists. They're simply not 
satisfied with any project until every 
detail is just right—including the 
lettering. 

Until recently, this attention to 
detail meant painstaking hours using 
press-on or mechanical drafting letter- 
ing. Or perhaps even hand lettering 
your drawings, presentations, finished 
models, and preliminary designs. 

Now there's a much faster, easier 
way to get the professional lettering 
look you want. It’s the remarkable 
Kroy® lettering system. 


Kroy lettering is a unique, 
patented process that prints Type-on- 
Tape.” Simply turn the typedisc to the 
letter, number, or symbol you want 
and press the print button. You'll get 
neatly spaced, good looking lettering 
on adhesive-backed tape. Peel the 








tape from its backing, and it’s ready 
to position in place. 

Kroy lettering comes in 
25 different typestyles, (including 
Microgramma and Helvetica), and 
a wide range of sizes from 8-point to 
192-point (1/16 to 2 inches). Typestyles 





as your drawings. 


and sizes depend on which Kroy 
lettering machine model is used. 


There are four types of 
specialized Kroy lettering supplies. 
Kroy 100 provides sharp edgeline 
definition (at up to 200% enlarge- 
ment) for photo reproduction. 

Kroy 200 Diazo minimizes 
ghosting, or shadow, during diazo 
reproduction. 

Kroy 300 Labeling and Kroy 400 
All-Purpose are suited to a wide 
variety of lettering projects. Like all 
Kroy lettering tape, they adhere 
quickly and easily fo virtually any 
clean, dry surface—even photo- 
graphs and negatives. 

There are five Kroy lettering 
machine models currently available, 
including the deluxe Kroy 80° lettering 
machine pictured here. 


Cail toll-free 1-800-328-1306 for 
a free sample of Kroy lettering. 


Find out why architects and 
engineers all over the couniry are 
using Kroy lettering in place of slower, 
more expensive lettering methods. 

Call toll-free, 1-800-328-1306. 

(In Minnesota, please phone 612- 
738-6100.) If you prefer, complete and 
return the coupon. 

We'll send you a free sample of 
Kroy lettering, and a copy of our 
latest, full-color brochure. Or, we can 
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arrange for a no-cost, no-obligation 
demonstration of the Kroy lettering 
system right in your office. Call or mail 
the coupon today. 


Kroy® Kroy 80® and Type-on-Tape™ are registered 
trademarks of Kroy Inc. 


Headline set with Kroy® lettering. 


| Free sample of Kroy® lettering and | 
full-color brochure. | 
| CJ Please arrange to have a representative call | 
on me for a no-cost, no-obligation 
| demonstration of the Kroy lettering system. | 
| C1) Please send me a free sample of Kroy | 
| lettering, and a copy of your latest brochure. | 
| Name (please print) | 
| Title | 
| Company | 
[ Addiess "Seen 
l City State Zip | 
In order to complete your request we must 
| have your telephone number. | 
es | 
Area Code/ Number 
| Complete this coupon and mail to | 
| Kroy Inc., Post Office Box 43716, | 
[ St. Paul, Minnesota 55164 1768 4 
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SWEET-TALKER, 
IT GIVES YOUR COMPUTER AN 
UNLIMITED VOCABULARY. 










‘Parallel Version 

= Apple Ii Version 

As Featured in Ciarcia’s Circuit Cellar, 
Byte Magazine, September 1981. 


The Sweet- Talker voice synthesizer allows you to add speech of 
unlimited vocabulary to your computer. Utilizing the Votrax SC-01A chip, 
you can output any message by programming individual phonemes. 
Comes in two versions; one plugs directly into your Apple II, the other 
connects to any computer with an 8-bit parallel printer port. + 12 volts 
and + 5 volts required for parallel board. 


¢Contains 64 different phonemes STQ1 













Sweet Talker Parallel 



















accessed by a 6-bit code. Port BoardA&T........ $139.00 
eAutomatic and manual inflec- ST02 Sweet Talker Apple Il 
tion modes. plug in board............ 149.00 
¢Parallel port driven or plug-in ST06 = Text-to-Speech 
compatible with Apple Il. algorithm on disk 
eSuper text-to-speech algorithm (OF ADDI os. dae 35.00 
on disk for Apple Il. Makes SCO1A Votrax Speech 
Sweet- Talker equivalent to Synthesizer chip.......... 50.00 
units 3 times the cost. $40.00 in 100s 
*On board audio amplifier UPSO1 Universal Power Supply- 






eSample program on cassette 
with Apple II board. 

¢Optional power supply for 

parallel board. 


To Order: Call Toll Free 1-800-645-3479 
(In N.Y. State Call: 1-516-374-6793) 
For Information Call: 1-516-374-6793 
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MICROMINT INC. 
917 Midway 
Woodmere N.Y. 11598 












Largest U.S. Distributor 
of Votrax Chips 
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Use an optoisolator to 
eliminate noise effects 


stays that way. This condition forces IC:;’s open- 
collector output to float. If the controller circuit 
receives an input pulse substantially wider than the 
normal maximum, therefore, IC,c’s input charges above 
10V. This action quickly dumps a large charge into 
IC2p’s 1-wF capacitor, forcing its voltage level to rise to 
the negative rail. This value pulls A,,4’s input negative, 
turns on Q, and cuts off all drive signals to the output 
transistors (Q3 to Qs). 

Aja’s negative output also feeds back to ICac, driving 
that device’s output positive. This output supplies a 
continuous topping-off current to IC23’s input capacitor. 
The connection completes a positive feedback latch, 
which prevents the pump from operating until the 
counter receives a pulse width within the controller 
circuit’s normal range. IC,p functions to clear out the 
ICz, capacitor’s charging action (Fig 5, waveform D) as 
each new command pulse arrives. 

The time constant associated with A,,’s input section 
lets the controller circuit examine each received pulse 
and never disables this clamping performance unless 
the pulse width resides within established limits. 
Although the latch’s positive feedback doesn’t require 
the computer to send successive shutdown instructions 
to the pump, the controller circuit ensures that the 
pump’s motor can’t be energized, even briefly, if 
successive turn-off-length pulses appear. EDN 
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Evaluate sensor tradeoffs 
in digital-thermometer design 


A CMOS integrating A/D converter provides features that prove 
advantageous for digital-thermometer applications. But to 
produce the most effective design, you must also 
consider various sensor configurations. 


Wes Freeman, Teledyne Semiconductor 


Digital-thermometer design requires consideration of 
signal-conditioning and display-driving circuitry as well 
as of temperature sensors. Using a single-chip integrat- 
ing CMOS A/D converter greatly simplifies the circuit- 
ry, freeing you to concentrate on sensor selection and 
calibration. In choosing the sensor, you must in turn 
consider component cost, ease of calibration and power 
consumption. And because no sensor configuration is 
superior in all three areas, you must base your choice on 
labor cost, automated-test-equipment requirements 
and performance specifications. 


Ratiometric conversion suits sensor circuits 


Before choosing the sensor, though, consider the 
ADC’s characteristics. Among the available devices, 
CMOS integrating A/D converters, such as the multi- 
ple-sourced TSC7126, particularly suit thermometer 
applications for six primary reasons: 

e The integrating feature averages out noise, 

yielding repeatable results. 

@ Because of the device’s dual-slope-integration and 
autozero features, accuracy depends only on 
reference absolute value and clock-pulse equality 
within a given conversion cycle; thus, few preci- 
sion components are required. 

e@ The converter achieves very good rejection of 
frequencies corresponding to integral multiples of 
the measurement period, thus permitting reduc- 
tion of line-frequency-noise effects. 

@ The A/D conversion is ratiometric, and the input 
and reference are fully differential—a combina- 
tion that simplifies interfacing to sensors. 

@ The converters are multiple sourced and inexpen- 
Sive and require few support components. The 
TSC7126, for example, requires only 10 discrete 
components plus the display to form a complete 
A/D converter with a 3¥2-digit readout. 
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NOTE: 
T, =SIGNAL INTEGRATE TIME 


T, = REFERENCE INTEGRATE (DEINTEGRATE) TIME 


- 
Vin X 4 = Vrer X aC 


Fig 1—A dual-slope integrating converter furnishes an 
output that’s independent of integrator time constant and 
clock frequency; its accuracy depends only on a reference 
and the equality of clock cycles within a conversion period. 


@ CMOS processing reduces the power require- 

ments to only 100 pA from a 9V battery. 

Now consider the details of the dual-slope-converter 
circuitry. Its operation depends on an oscillator, built 
into the chip, that provides a basic clock timing signal. 
To start the conversion process, the device’s integrator 
resets to OV and then integrates its input for 1000 clock 
cycles during the signal-integrate phase (Fig 1). 
Then—during the deintegrate or reference-integrate 
phase—it integrates the device’s reference voltage (of 
opposite polarity) until the integrator output voltage 
again reaches 0V. During this portion of the converter 
cycle, device circuitry counts clock pulses, yielding a 
counter value at the conclusion of the deintegrate phase 
that’s independent of the integrator time constant, the 
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Use a low-cost diode 
as a temperature sensor 


clock frequency and any of the other physical constants 
of the system; the count is proportional only to the ratio 
of the input to the reference, reading 1000 when the two 
are equal. This counter reading then drives the display. 

Fig 2 shows a pinout diagram for the converter; the 
external components consist of an input filter (R; and 
C,), oscillator components (Rz and C2), a capacitor to 
store the reference voltage (C3), an autozero capacitor 
(C4) and integrator components (Rs, R, and C5). 


Choose a sensor that matches your requirement 


Usually a more complex task than converter-circuit 
design, sensor selection involves considering the trade- 
off between cost and ease of calibration. All sensor 
circuits require two adjustments: one for full-scale 
calibration (slope) and one for calibration to an 
intermediate temperature. Sensors differ, however, in 
that some allow you to make both adjustments at room 
temperature while others require calibration at two 
temperatures. (Theoretically, a laser-trimmed sensor 
such as the AD590 can be used without external 
calibration, but low-cost thermometers typically still 
employ 2-trimmer configurations because the precision 
components required for untrimmed operation are 
prohibitively expensive. ) 

You can use an ordinary silicon diode as a sensor. It 
furnishes the lowest cost and power consumption 
(typically 125 pA at 9V), although it must be calibrated 
at two temperatures because dV/dT, its change in 
forward voltage (Vr) with temperature, is not closely 
controlled. The dV/dT rating of a typical diode is about 
—2Z.1- mV, : 

Fig 3’s circuit illustrates one method of using this 
change in Vy to sense temperature. Because the sign of 
the voltage change is negative, the diode voltage is 
applied to the TSC7126’s IN LO input to produce 
correct polarity. R, offsets the diode voltage so that the 
display reads 00.0 at 0°C, and R», adjusts the reference 
to match the diode dV/dT. 

Ideally, a current source should drive the sensor 
diode, but substituting a high-value resistor for a 
constant-current source adds only 0.75°C of nonlineari- 
ty. The resistor also provides a slight compensation for 
errors arising from decreasing battery voltage and 
reference drift with temperature. 

To calibrate Fig 3’s circuit, immerse the diode sensor 
in a stirred ice/water bath (0°C) and adjust R; for a 00.0 
reading. Then immerse the diode in boiling water 
(100°C) and adjust Re for a 100.0 reading. The 
requirement for making two calibrations at specified 
temperatures offsets the low parts cost of the diode 
sensor. Furthermore, because Vr versus current is 
seldom specified for general-purpose diodes, R; and Rg» 
must have a fairly wide adjustment range. Therefore, 
they should be multiturn pots. 
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Fig 2—CMOS integrating A/D converters such as the 
TSC7126 require the addition of only a few discrete 
components to form a circuit complete with a 3V2-digit LCD. 
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Fig 3—You can use a diode as a temperature sensor /f you 
want economy and low power consumption. 
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Fig 4—A positive-temperature-coefficient (PTC) resistor 
makes a good sensor if you linearize it with a series diode 
placed in close thermal proximity to it. 


R3 
1000 0.1% 


Fig 5—To simplify a digital thermometer’s calibration 
procedure, employ an AD590 bandgap transducer as the 
sensing element. 
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You can simplify sensor calibration by substituting 
Motorola MTS Series sensors for ordinary silicon 
diodes. These devices are transistors with a carefully 
controlled Vgr match within device lots; they thus 
achieve a predictable temperature-coefficient-versus- 
Ver characteristic. Indeed, the best grade of MTS 
devices exhibits temperature-matching accuracy of 
+2°C over —40 to +150°C. 

An MTS transistor with collector-base shorted can 
simply replace Fig 3’s diode. You can calibrate this 
circuit at any known temperature, although you must 
make some calculations. First, measure the transistor’s 
Vee and calculate its current to determine—by compar- 
ison with device data-sheet values—the deviation from 
the —2.265-mV/°C ideal temperature coefficient. Then, 
derive the required Vrer and adjust Re accordingly. 
Finally, set R,; so that the thermometer indicates actual 
room temperature. 

Use of the MTS sensor simplifies circuit calibration, 
but the higher cost of the MTS device offsets this 
savings. The level of computation required for calibra- 
tion is quite low, so a programmable-calculator/DVM 
combination is adequate for the task. 


Use a resistor’s temperature coefficient 


Another promising sensor candidate is the positive- 
temperature-coefficient (PTC) resistor. Available from 
such firms as Texas Instruments, these bulk-silicon 
devices are about the same size as a diode. They 
typically furnish sensitivity of 0.7%/°C. 

Fig 4 illustrates a temperature-display circuit using a 
PTC device. Ideally, it should be biased with a current 
source and not another resistor, which can introduce an 
error of several degrees Celsius. However, biasing the 
PTC resistor to operate at about +2.1 mV/°C allows a 
common silicon diode (D;), placed in close thermal 
proximity to the PTC device (Rs), to offset R3’s voltage 
drop and linearize the bridge. 

The penalty for this linearization technique is that 
300 wA of PT'C-resistor current is required to produce a 
2.1-mV/°C output, yielding total battery current of 
about 460 pA. Using a higher value PTC resistor 
reduces power consumption. 

Calibration of the circuit is straightforward. After 
you determine the temperature coefficient for a given 
lot of PTC sensors, calculate the required reference 
voltage and then adjust R, until the voltage between 
REF HI and REF LO equals the calculated voltage. 
Finally, adjust R, to display ambient temperature. 


Laser trimming improves performance 

Sensors that employ a bandgap technique have 
simpler calibration schemes than do diode- and resistor- 
based circuits. One such transducer, Analog Devices’s 
2-terminal monolithic AD590, uses the highly predict- 
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Fig 6—Eliminating Fig 5’s requirement for a precision 
resistor, the LM335 bandgap temperature transducer 
provides a voltage output rather than a current output. 


118 


Fig 7—Suiting use in expanded-scale thermometers, the TSC9495 furnishes a reference and output proportional to temperature. 





able difference in Vgg between two identical transistors 
operating at different current levels to sense tempera- 
ture. The AD590 furnishes a current-output laser 
trimmed to exactly 1 pA/°K. Linearity of the bandgap 
design is excellent; even the lowest grade AD590 
provides +1.7°C linearity over —55 to +150°C. 

Fig 5’s circuit interfaces the AD590 to the TSC7126. 
Resistor Rs converts the AD590’s output current to a 
voltage, so it must be a precise, low-temperature- 
coefficient component. The TSC9491 1.22V reference 
biases the AD590 within the A/D-converter common- 
mode range, provides a very stable reference and 
permits offsetting of IN LO to provide a 00.0 reading at 
OC, 

AD590 calibration can be performed at room temper- 
ature. First, you adjust R, until REF HI is 100 mV 
above REF LO. Then, adjust R, until the display reads 
room temperature. The simplicity of this calibration 
procedure is offset by the cost of precision component 
R; and the AD590 itself. 

You can improve AD590-circuit performance by using 
a more complicated calibration procedure. First, mea- 
sure the R;3 value with power off. Then, with power 
applied, measure Vour and calculate the actual AD590 
Iour. The difference between the temperature propor- 
tional to actual Ioyvr and room temperature in degrees 
Kelvin is the scale-factor (or slope) error, which, 
multiplied by 100°C and the actual value of Rs, yields 
the voltage error. Add this error voltage to the 100-mV 
ideal reference voltage and adjust R, to produce the 
corrected reference voltage. Finally, adjust R; so that 
the display reads the room temperature. 
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Traceability 


Significant technological advancements in thermal writing strip 
chart recorders are traceable to one company — General Scanning. 


From weight-saving, injection molded cases display markets. And, faced with rapid advances 


to drive motor flexibility and enhanced galvanom- __ in transducer sensitivity and signal processing 
eter design to superior stylus trace performance, speed, these OEM buyers are reassured to know 
significant improvements in OEM recorders can that General Scanning is currently prototyping 
be traced to one source—General Scanning. the next generation of OEM recorders. Recorders 
Through the years, General Scanning has which trace their heritage through a series of 
increased recorder accuracy, response, and successful technical innovations and wide OEM 
dependability, while lowering cost. Allowing market acceptance. 
OEMs to maintain an excellent performance/ To learn more about General Scanning’s 
price ratio. OEM recorders and how they can display your 


Today, sophisticated OEM recorder buyers system's capabilities, contact: 
look to General Scanning for recorders which General Scanning, 500 Arsenal Street 


keep them competitive in fast-paced information Watertown, MA 02172, 617/924-1010 
TWX: 710-327-6673 





Laser-trimmed bandgap 
transducers up Calibration ease 


The National Semiconductor LM335 (Fig 6) also uses 
the bandgap principle to provide a linear output 
proportional to temperature; it furnishes a 10-mV/°K 
voltage output, which produces approximately 2.73V at 
0°C. Because the LM335 supplies a voltage output, it 
doesn’t require the AD590 circuit’s precise, low-TC 
resistor. Accuracy specs at +2°C from —10 to +100°C 
for the lowest grade part, calibrated at 25°C. 

The LM835’s 2.73V output at 0°C is very close to the 
typical TSC7126’s V*-to-common voltage, therefore 
requiring some offsetting of the IN LO adjustment pot 
to ensure that all units calibrate to zero in a production 
environment. As with the AD590 circuit, a TSC9491 
reference can provide the offset, and because the 
TSC7126 has differential reference inputs, the 9491 can 
also provide the reference voltage. 

If the untrimmed LM3835’s accuracy is adequate, 
calibration similar to that employed for Fig 5’s AD590 
circuit should suffice. Adjust R2 until the reference 
voltage (REF HI to REF LO) equals 1.000V, then 
adjust R, until the room-temperature value is dis- 
played. For more accurate performance, measure the 
calibration error and adjust the reference accordingly. 
The improved calibration procedure is similar to that 
for the AD590, except that the LM335’s voltage (rather 
than current) output makes the calculation simpler. 

Another bandgap device, which can be used both as a 
sensor and a reference, is the TSC9495, also sourced by 
Precision Monolithics Inc and Micro Power Systems 
Inc. It produces an accurate and stable 5.00V refer- 
ence, at the same time bringing out an internal circuit 
node with an output voltage that linearly varies with 





temperature. Its power consumption is higher than that 
of the other sensors, but you can use it in applications 
requiring high sensitivity within a narrow temperature 
range. 

Fig 7 shows how to interface the TSC9495 to the 
7126. The 9495’s TEMP pin has an output voltage 
proportional to absolute temperature with a slope of 
about 2.1 mV/°K. The operational amplifier provides 
gain scaling and shifts the TEMP pin’s level so that the 
output is within the A/D converter’s common-mode 
range. Although the 7126 has differential inputs that 
make the op-amp output’s absolute value during 
calibration unimportant, you must still ensure that the 
7126’s input common-mode range isn’t exceeded at 
temperature extremes. 

The op-amp  output-voltage 
A(dVremp)/dT, where 


A:-= 


change equals 


AMPLIFIER GAIN 
a 
Rei Re 
R;sR3R, 


Rg + Ry’ 


and dVremp/dT is the 9495’s 2.1-mV/°K temperature 
sensitivity. For an output of 10 mV/°C, A should equal 
3.74. However, you can simplify calibration by adjust- 
ing Vrer to correct for the actual circuit gain instead of 
precisely adjusting the LM358’s gain. 

Calibration of this circuit at room temperature 
requires four steps. First, with power off and pins 4 and 
6 of the 9495 shorted, apply 100.0 mV to LM358 pin 1. 
Measure and record the voltage at LM3858’s pin 2. Then, 


CD4030 


Fig 8—You need a 4-digit display to use the TSC9495’s expanded-scale feature. The MSD output controls the LCD’s most 
significant digit. 
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DON’T WAIT 18 MONTHS © 
TO SEE IF YOUR CUSTOM 
1d MILITARY POWER 


SUPPLY WORKS. 





With Rantec’s new line of standard 
1¢ military power supplies, you can find out now. 


On the average, it takes from 13 to 18 months to get a 
custom military power supply designed. And somewhere between 
$125,000 and $300,000* Of course, after all this, nobody's sure It 
will work. Or have all its bugs out. Seems rather risky to us. 

So we designed you a full line of standard single-phase 
military power supplies...in-single, dual and triple output ratings 
of 75 to 750w...all qualified to meet Tri-service MIL specs. You 
order one. Then plug it in. Simple. 

Rantec will save you time, money and reduce your risks. For 
details, ask for our literature (you might want to ask us about our 
600 standard 3¢ military power supplies too). Contact us today. 


*U.S. Navy/Industry Power Supply Ad Hoc Committee Estimates For Time and Cost. 
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Gentron introduces — 


A NEW3-PHASE 
SCR SIX-PAK 


The F-Series SIX-PAK is a unique single module containing up to six 
high power SCR or rectifiers. Versions are rated 35 thru 150 Amperes 
up to 1400 volts. Each SIX-PAK offers: 
@ Cost savings over circuits using doubler packages 
@ Elimination of multiple piece part purchasing and inventory 
@ Fast installation—no need to buss individual doubler packages 
@ Design flexibility and convenience for single and three 
phase applications 






A wide range of circuit 
configurations and the advantages of 
a single module make the F-Series ideal for 

high power single and three phase applications including 
motor controls, resistance heating, lighting, power factor controls and other 
phase controls. Like other Gentron bridges, the SIX-PAK is manufactured 
with the proven and patented powertherm process. An exposed ceramic 
baseplate reduces thermal resistance and thus provides for cooler 
operation and improved reliability. 


Gentron Corporation 
6667 North Sidney Place Milwaukee, Wisconsin 53209 


Phone (414) 351-1660 Telex#26881 
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Get results with 


EIDINI 


CAREER — 
OPPORTUNITY 
SECTION 


When you advertise in EDN, you 
can be sure of reaching only the 
people you are trying to recruit. 
Every reader is a potential 
employee. We reach the highest 
percentage of all significant 
personnel in our industry. You'll 
find us not only effective, but a 
more economical magazine. See 
contents page 5 for Career 
Listings. 














Sensor expands sensitivity 
over a limited range 


remove the short and apply power. Measure 9495’s 


Vremp and calculate the reference voltage: 


Vrempe X 10 


V — i ERT aie a ANS AS ARGS > RR SS a OES gh OTE FSD 
NE" ROOM TEMPERATURE IN °K X Vpn 2 


| Next, adjust R: to the calculated reference voltage. 


Finally, adjust R, until the display reads the room 
temperature. 

As noted, the TSC9495 sensor lends itself to 
expanded sensitivity over a limited range. For example, 
Fig 8s circuit displays temperature from 10.00 to 
29.99°C with a sensitivity of 0.01°C/count. Scale 
expansion can be accomplished simply by changing 
resistor values; however, you must add logic to the 
TSC7126 to permit the MSD output to control the 


_display’s most significant digit. This configuration, 
_ additionally, requires a 4-digit display instead of the 


3¥e-digit unit used in the previously described circuits. 
The range of applications of integrating-C MOS-ADC- 


based thermometers extends beyond digital-readout 
_ devices. Other 7000 Series converters provide features 
| that allow you to easily interface them to pPs. Thus, 
_ you can use them for temperature-control and data- 
logging applications while employing the same front- 


end (sensor) design considerations outlined here. EDN 
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EDN uC Systems Design Series 


Design powerful systems 
with the newest 16-bit uP 


Dont be dismayed by the appearance of yet another 16-bit wP; 
its special features and capabilities, unavailable on 
its predecessors, make it a prime candidate 
for inclusion in new system designs. 


Robert D Grappel, Hemenway Corp 


The introduction of National Semiconductor’s 16032 
16-bit ~P presents system designers with a problem 
and an opportunity. The problem: Why bother to 
consider yet another 16-bit uP, perhaps one that lacks 
software and harbors potential shortcomings, when 
other, more proven 16-bit wPs are available? The 
opportunity: The 16032 does indeed provide advantages 
unavailable in other 16-bit devices. Representing the 
latest turn in wP evolution, it draws on features of the 
older machines and adds new capabilities as well. It 
therefore deserves a close inspection. 


By its pinout shall you know it 


Fig 1 shows the device’s basic signals. Its address 
bus is 24 bits wide, yielding a 16M-byte linear 
addressing range (like the Motorola 68000). The data 
bus is 16 bits wide—as you would expect in a 16-bit uP. 
The pP’s designers have chosen to multiplex these 
buses in order to fit the wP into a 48-pin package much 
smaller than the 68000’s 64-pin unit. 

The 16082’s buses are synchronous, using a RDY line 
to add Wait cycles to accommodate slow memories or 
I/O devices. This bus structure, familiar to ~P-system 
designers, makes bus interfacing straightforward; most 
suppliers’ interface chips can coexist on it. I/O is 
memory mapped. 

The wP supplies only two interrupt inputs: maskable 
and nonmaskable (like the Zilog Z8000). External 
hardware can provide vectored interrupt capability, 
and the device can support DMA channels and multi- 
processor systems. Like the Intel 8086, the 16032 is 
designed to support closely coupled slave processors, 
including floating-point (FPU) and memory- 
management (MMU) devices. It thus generates signals 
EDN SEPTEMBER 29, 1982 


to support these slaves. 

One memory-management signal unique to the 16032 
is Abort (ABT), which indicates that an instruction has 
requested an address not available in memory. On the 
other 16-bit wPs, this action could only result in an 
error condition. The 16032, however, allows re-execu- 
tion of instructions; it’s the first 16-bit uP to fully 
support virtual memory, so after the appropriate 
region of memory has been loaded, it can redo the 
aborted instruction, picking up exactly where it left off. 
No registers are changed, and the condition codes are 
preserved. No other currently available 16-bit wP has 
this capability. 


Register set mixes old and new 


As shown in Fig 2, the 16082’s register complement 
divides into three classes: general, dedicated and slave. 
The device has eight 32-bit general registers, which 
may hold data or addresses interchangeably. They can 
accommodate byte, word or double-word data, and 
even/odd register pairs can hold quad-word (64-bit) 
data. (Among the current crop of 16-bit wPs, only the 
Z8000 has this capability.) Any general register can also 
serve as an index or pointer. 

(Every rule has its exception, though: The 160382 
violates its general-register set’s generality in its string 
instructions, which use registers Ry through Ry, in a 
dedicated manner to be described later.) 

The pwP’s dedicated-register set contains six 24-bit 
and two 16-bit units. The 24-bit registers are all 
memory pointers. The PC (program counter) is a 
standard register in all computers, and the pP 
furnishes two stack-pointer registers, one used in User 
mode and the other in System mode and during 
interrupt handling. (A third stack pointer functions 
during instruction execution, but this action is trans- 
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Abort signal allows 
instruction re-execution 


parent to the programmer. ) 

The presence of two other dedicated registers, the 
static base (SB) and frame pointer (F'P), illustrates the 
current attitude of wP designers toward high-level 
languages. These registers provide the functions need- 
ed to implement block-structured languages such as 
PASCAL, C and ADA. The SB register, for example, 
points to the start of global data for a program module; 
specifying all data references relative to this register 
makes programs readily relocatable. The FP register, 
on the other hand, points to the stack frame for the 
current program module. Sometimes termed the acti- 
vation record, this stack frame contains the parameters 
for the currently executing subroutine and also its local 
(as opposed to global) variables. To further capitalize on 
the SB and FP registers, the 16032 has special 
instructions for easy construction of procedures, 
blocks, modules and other high-level constructs. 

The location of the table of interrupt vectors is fixed 
in most Ps, usually in low memory. But the 16032 (like 










INTERRUPTS 


NMI — NONMASKABLE INTERRUPT 
INT — MASKABLE INTERRUPT 


CHIP CONTROL 


RST — RESET: INPUT LINE THAT INITIALIZES THE CPU 
PHI,, PHI, — 2-PHASE CLOCK INPUTS 
Vee — 5V POWER 


— GROUND PINS (2) 


BUS CONTROL ; 


ADS — ADDRESS STROBE: OUTPUT LINE THAT INDICATES AN 
ADDRESS HAS BEEN PLACED ON THE BUS 


DDIN — DATA DIRECTION IN: OUTPUT LINE THAT INDICATES 
DATA DIRECTION FOR DATA-BUS BUFFERS 


HBE — HIGH-BYTE ENABLE: OUTPUT LINE THAT ENABLES 
WRITES INTO THE HIGH-ORDER BYTE OF THE DATA BUS 


RDY — READY: iNPUT LINE THAT INDICATES THAT THE CPU 
SHOULD ENTER A WAIT STATE 
SPC — SLAVE PROCESSOR CONTROL: INPUT/OUTPUT LINE 


USED IN CPU/SLAVE-PROCESSOR COMMUNICATION 


128 


Fig 1—Hardware signals provide insight into the 16032’s workings. 





the Z8000) provides a dedicated register that contains a 
pointer to the start of the interrupt-vector table, 
permitting easy modification of interrupt vectors to 
suit different needs, simply by moving the pointer. 
Fig 3 shows the pP’s arrangement of interrupt 
vectors. Note the traps for the slave processors (FPU, 
ABT) as well as traps for supervisor call (SVC), 


conditional trap (FLG), breakpointing (BPT) and. 


tracing (TRC). As on the Z8000, there’s only one SVC 
trap, so software must perform any required vectoring 
in the system code. The vectored interrupts get 
generated if you provide additional hardware. 

The status register, another dedicated unit, is a 
standard wP feature. And as in most 16-bit wPs, this 
16-bit PSR has a user and a privileged part in the 
16032. Status bits for the usual arithmetic conditions 
allow signed and unsigned comparisons, and a System/ 
User bit indicates the current operational state. You 
also get bits to control program tracing and one to mask’ 
the maskable-interrupt trap; yet another PSR bit flags 





BUS 
ADo-ADy, — MULTIPLEXED ADDRESS/DATA LINES 
Ayg-Ao3 — ADDRESS LINES 

STy-ST; — PROCESSOR STATUS LINES 










DMA/MULTIPROCESSING 
HOLD — HOLD: INPUT LINE THAT INDICATES A DMA REQUEST 


HLDA — HOLD ACKNOWLEDGE: OUTPUT LINE THAT INDICATES 
ACKNOWLEDGE OF DMA REQUEST 


— INTERLOCKED OPERATION: OUTPUT LINE THAT 
INDICATES THAT NO INTERLOCKED TRANSFERS FROM 
OTHER CPUs ARE TO TAKE PLACE. 
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MEMORY-MANAGEMENT SUPPORT 


ABT — ABORT: INPUT LINE THAT INDICATES TO THE CPU THAT 
THE PRESENT INSTRUCTION WILL BE RE-EXECUTED 


FLT — FLOAT: INPUT LINE THAT IS USED DURING ADDRESS 
TRANSLATION MODE TO FLOAT THE CPU OFF THE BUS. 
IF ADDRESS TRANSLATION IS NOT USED, FLT BECOMES 
THE DATA STROBE OUTPUT. 


U/S — USER/SUPERVISOR: OUTPUT LINE INDICATING WHETHER 
THE CPU IS IN USER OR SUPERVISOR MODE 


PFS — PROGRAM FLOW STATUS: OUTPUT LINE THAT INDICATES 
EVERY INSTRUCTION COMPLETION 
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DEDICATED 


16032 CPU peal 


IN MMU IN FPU 


Fig 2—Register architecture of the 16032 reveals a rich 
register set. The dedicated registers, in particular, embody 
concepts not found in other 16-bit uwPs. 


various software conditions and can cause traps or 
branches upon execution of certain instructions. 


MOD register—a new idea in »pPs 
The 16032’s 16-bit module-pointer register (MOD) is 
unique among 16-bit wPs; it simplifies the task of 


NUMBER | MNEMONIC 


NONVECTORED INTERRUPT 
NONMASKABLE INTERRUPT 
ADDRESS-TRANSLATION TRAP 
FLOATING-POINT-ERROR TRAP 
ILLEGAL-INSTRUCTION TRAP 
SUPERVISOR-CALL TRAP 
DIVIDE-BY-ZERO TRAP 

FLAG TRAP | 

BREAKPOINT TRAP 

TRACE TRAP 
UNDEFINED-INSTRUCTION TRAP 
RESERVED 

VECTORED INTERRUPTS 


-) 


OOnN OO WD — 


Fig 3—Interrupt structure of the 16032 is similar to that of 
other 16-bit wPs. 
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MODULE 
TABLE 


CURRENT- 
MODULE 
DESCRIPTOR 


CALLED- 
MODULE 
DESCRIPTOR 


EXTERNAL- 
PROCEDURE 


Fig 4—A mechanism for building programs from inde- 
pendent ROMed modules is inherent in the 16032. The 
hardware takes care of linking modules. 





producing truly independent ROMable software mod- 
ules. The idea that programs should comprise separate, 
isolated packages is gaining great favor among lan- 
guage designers, and the 16082 is one of the first wPs to 
provide hardware to facilitate this design strategy. 

Consider, for example, the memory diagram shown 
in Fig 4. Here, the MOD register points to a 16-byte 
block of memory, a module descriptor. Each such 
descriptor consists of four addresses: a static base, a 
link page, a program page and an unused field. The 
static base is the value that gets stored in the SB 
register when the module is executed, the program 
page is the starting address of the module’s code, and 
the link page is a pointer to another data structure, the 
link table, which gets built by the development 
software and contains a 32-bit pointer entry for each 
external reference the module makes. (An entry might 
be a pointer to actual memory or one to another module 
descriptor, as shown.) 

A module that must call an external module need only 
know the offset from the start of its link table to the 
appropriate pointer. The 16032 uses this pointer to 
update MOD to point to the new module descriptor. The 
SB register gets updated; the location at which to start 
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Modify interrupt vectors 
by moving a pointer 


execution is the sum of the new module’s program page 
and the offset in the link-table entry. Returning from 
the called module reverses these steps, resetting MOD 
and SB. A specific address mode and special procedure- 
call and -return instructions provide easy ways to use 
this facility. 

The entire procedure has only one drawback. Be- 
cause MOD is a 16-bit register, the module table must 
reside in the first 64k bytes of memory. In addition, 
because each module descriptor is 16 bytes long, a 
maximum of 4096 modules may reside in the table. 
However, this seems a small price to pay for the power 
the procedure provides. 


Every good »P needs slaves 


One other dedicated register exists in the 16032—the 
4-bit CFG (configuration), not shown in Fig 2. Bits in 
this register notify the 16032 whether its slave 
processors (FPU, MMU, interrupt controller (IMU), 
user slave) are installed. These slaves act as extensions 
to the »P’s instruction set and may be installed at any 
time. In this respect, they’re like the Intel 8087 and 
8089 coprocessors and the Zilog and Motorola MMUs. 
To inform the 16032 that the slave instructions should 
be honored and sent to their respective slave processor, 
you merely set the appropriate bits in CFG. 

Each slave has its own register set, which comple- 
ments the 16032 set. For example, the FPU has eight 
32-bit registers that can hold 32-bit floating-point 
values or be used in even/odd pairs to hold 64-bit 
floating-point values. The FPU also has its own status 
register. The FPU instruction set includes basic 
arithmetic functions as well as conversions and round- 
ing operations. Attempting to use instructions for a 
Slave processor when it’s not installed causes unde- 
fined-instruction traps. Use of the CFG register allows 
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DISP 2 DISP 1 | 
INDEX INDEX : 
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easy upgrading of 16032 systems as slave processors 
become available. 

The 16032 steals a page from the 8086’s book by 
encoding its instructions in byte units, unlike the 
word-sized instructions of other 16-bit wPs. This 
approach yields several advantages. For example, code 
can be tighter, even as instruction sets become more 
complex. The 16032, like the 8086, has a lookahead- 
instruction cache that preloads as many as eight bytes 
ahead of the currently executing instruction; instruc- 
tion operands thus arrive at the processor predigested. 
Memory fetches can be overlapped with processing, 
permitting faster execution without requiring faster 
memory. In addition, the 16082 doesn’t care about 
operand alignments: Word-sized and larger operands 
can lie on odd-byte boundaries. There’s never any need 
for pad bytes in data records or to worry about mixing 
byte-sized data into programs. 

Another 16032 feature focuses on instruction-set 
orthogonality. All 16-bit-uP manufacturers claim this 
advantage, but in practice, all machines must make 
compromises in this area. The 16032, however, comes 
very close to the ideal: Nearly all instructions that 
require two operands can use two totally general 
addresses. (The 68000 has a 2-address Move instruc- 
tion, the 8086 and Z8000 have only special cases.) 

Thus, the 16032 has very few special addressing 
cases (the string instructions are the primary offend- 
er). Fig 5 illustrates the typical structure of a 16032 
instruction. Note the two addresses’ symmetry, which 
makes the wP easier to program as well as facilitating 
efficient code generation from language compilers. 

The 16032 provides many data types, and it provides 
them uniformly across its instruction set. You can 
manipulate bytes, words, double words and even quad 
words and can handle bits and bit fields. And with the 


BASIC 
INSTRUCTION 


OPCODE 


Fig 5—A basic instruction of the 16032 has two address fields, a unique feature in 16-bit Ps. 
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ENCODING 
Register 
00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 


MODE 


Register 0 
Register 1 
Register 2 
Register 3 
Register 4 
Register 5 
Register 6 
Register 7 


Register Relative | 

01000 Register 0 Relative 
01001 Register 1 Relative 
01010 Register 2 Relative 
01011 Register 3 Relative 
01100 Register 4 Relative 
01101 Register 5 Relative 
01110 Register 6 Relative 
01111 Register 7 Relative 


Memory Space 

11000 Frame memory 
11001 Stack memory 
11010 Static memory 
11011 Program memory 


Memory Relative 

10000 Frame memory relative 
10001 Stack memory relative 
10010 Static memory relative 


disp2(disp1 
disp2(disp1 
disp2(disp1 


Immediate 
101000 Immediate 


Absolute 
10101 Absolute 


External 
10110 External 


Top of Stack 
10111 Top of Stack 


Scaled Index 


11100 Index, bytes mode[Rn:B] 
11101 Index, words mode[RN:W] 
11110 Index, double words mode[Rn:D] 
11111. Index, quad words mode[Rn:Q] 
10011 (Reserved for Future Use) 


ASSEMBLER SYNTAX 


(FP)) 
(SP)) ° 
SB)) 


EXTERNAL (disp1) + disp2 





EFFECTIVE ADDRESS 


None: Operand is in the specified 
register 


Disp + Register 


Disp + Register; “SP” is either 
SP» or SP,, as selected in PSR 


Disp2 + Pointer; Pointer found at 
address Disp1+ Register. “SP” 
is either SPy or SP;, as selected 
in PSR. 


None: Operand is input from 
instruction queue 


Disp 


Disp2 + Pointer; Pointer is found 
at Link Table Entry number Disp1 


Top of current stack, using either 
User or Interrupt Stack Pointer, 
as selected in PSR. Automatic 
Push/Pop included 


Mode + Rn 

Mode + 2 x Rn 

Mode +4xRn 

Mode +8 x Rn 

“Mode” and ‘‘n”’ are contained 
within the Index Byte 


Fig 6—Addressing on the 16032 can take many forms. Some of the modes are standard in all 16-bit wPs, while others are unique to 


the 16032. 


FPU slave installed, you can use short and long 
floating-point values as part of the instruction reper- 
toire. Furthermore, you can build and address strings 
and arrays of these primitive data types. 


A multitude of addressing modes 


Beyond the register architecture, a wP’s addressing- 
mode complement determines how easily it can be 
programmed. In this regard, the 16032 provides a 
remarkably rich set of addressing modes (Fig 6). Its 
Register, Register Relative and Immediate modes are 
standard features, found in all modern wPs. The 
Memory Space modes allow use of the new dedicated 
registers (FP, SB), as well as facilitate position- 
independent and re-entrant programming (using the 
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SP and PC registers). 

The »P’s Memory Relative modes provide true 
indirect-addressing power, a feature lacking in most 
other »Ps. An Absolute mode implements addressing 
anywhere in memory. And the External mode uses the 
data structures (module table, link table) previously 
described to access data items from external modules; 
the calling program need only know the table-entry 
number in its own link table to indirectly reference an 
entry in another module. 

The TOS (top-of-stack) addressing mode facilitates 
the stack-oriented operations typical of languages such 
as PASCAL, C and ADA. Effectively, a Read operation 
using TOS addressing is a Pop, while a Write is a Push. 

The Scaled Index mode, finally, is unique to the 
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Module-pointer register 
facilitates modular programming 


16032; it provides automatic indexing of arrays whose 
data items are bytes, words, double words or quad 
words. The 16032 even extends the idea of a displace- 
ment; in this pP, a displacement may be one, two or 
four bytes long—the length is actually encoded into the 
displacement itself. Byte displacements always have a 
zero in their high-order bit, even if the displacement is 
negative. Thus, they can range from —64 to +63. Word 
or double-word displacements always have their high- 
order bit set, even if positive; the next bit indicates the 
length of the displacement. This mechanism allows a 
displacement to be only as long as necessary to address 
its operand. The entire address space can be reached by 
a displacement from any register. (Compare this 
feature with its equivalent in the 68000, whose 16-bit 
displacements limit indexing to a 64k-byte range.) 
Displacement length is decoded during the prefetch of 
the instruction bytes and thus exacts no performance 
penalty. 


An example clarifies instruction-set power 


An example of a 16032 instruction illustrates the 
power of the wP’s instruction set. Note first that an 
instruction can be a single byte or contain more than 20 
bytes; the encoding can thus become quite complicated. 
_ Then consider the following instruction: 

MOVMD 4(—8(FP)),16(R,)[R3:W],8 

This instruction moves blocks of data from one address 
to another. Suppose you want to move eight double 
words. The source address is Memory Space relative, 
using the F'P register, while the destination is Sealed 
Index, using R; as the index into a word-size array. The 
array’s base address is specified using Register Rela- 
tive addressing from R;. To begin, all block instructions 
start with the byte CEy; this Escape byte indicates 
that the following byte begins the actual instruction. 
The basic instruction is then encoded as 

20000. T1101 <« 0000. 11: 11061140 

(F'P) [Rn:W] MOVM D _ block instr 8743CE 

The next byte gives the destination mode, which 
indicates R; as index and R, relative as the base mode. 
This encodes as 4By. The instruction is now four bytes 
long: 4B8748CE. The next byte is the source mode 
displacement 1. This is —8; encoded for a byte 
displacement, it’s 78y. And the next byte is the source 
mode displacement 2—04y. The instruction has now 
grown to six bytes: 04784B8743CE. Next comes the 
destination—10y. Finally, you need the final instruction 
operand, the count of 084. The final instruction is 
therefore eight bytes in length: 081004784B8743CE. 
Larger displacements could make it still longer. 


A mode is missing 


After this discussion, you might think the 16032 
provides every addressing mode a programmer could 
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want. Unfortunately, two modes are missing—the 
Autoincrement and Autodecrement modes found on the 
68000. The TOS mode can serve in many of the cases 
where you might use these two modes, but it only 
works off the dedicated stack pointer. Thus, there’s no 
clean way to implement multiple stacks, which prove 
useful in implementing languages such as FORTH or in 
coding expression evaluators or macro processors. 
Then, too, although the block and string instructions 
provide autoincrement and autodecrement capability, 
for them the 16032’s instruction set loses its symmetry. 
However, this is certainly not a critical deficiency; 
other 16-bit ~Ps don’t have these modes, either. 


Instruction set provides extensive capabilities 

The 160382 has an extremely extensive instruction 
set. Consider some of the most noteworthy and useful 
of these instructions. 

The wP’s arithmetic capabilities, for example, are 


Impressive. Add, subtract, multiply and divide are 


supported for all data sizes from byte to double word. 
And extended arithmetic instructions permit division of 
a quad word by a double word and multiplication of two 
double-word operands to produce a quad-word result. 
Only the Z8000 also provides this capability. 

The 16032 also has an absolute-value instruction, and 
you get signed and unsigned division instructions and 
signed and unsigned remainders. Furthermore, in- 
structions to add and subtract packed-decimal (BCD) 
values of any length from byte to double word are part 
of the set, going beyond the capabilities of other 16-bit 
Ps. Logical instructions include AND, OR, XOR, NOT 
and BIC; the last is the AND of the destination with 
the complement of the source. Sign-extend and zero- 
extend instructions are provided, and a family of 
“quick” instructions permits tighter encoding of in- 
structions using small constants. Finally, if you add the 
F'PU chip to the system, the 16032 furnishes a complete 
set of floating-point instructions on both single- and 
double-precision operands. 

The wP’s bit-manipulation instructions are the most 
extensive of any currently available uP. The key to 
their use is that a bit may be addressed as an offset 
from a base address anywhere in memory; the 16032 
automatically finds the byte that contains the ad- 
dressed bit and extracts that bit. You can test, clear, 


set and invert bits; the Clear Bit and Set Bit 


instructions have the indivisible forms required in 
multiprocessor-synchronization programs (test and 
clear, test and set). A particularly noteworthy bit 
instruction is Find First Set Bit, which permits 
scanning a bit field while counting the number of 
cleared bits. This instruction proves useful wherever 
you use bit arrays. 

The field instructions, unique to the 16032, permit 
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Byte-sized instructions 
increase code compactness 


easy manipulation of such arrays, such as PASCAL’s 
Set construct or bit maps of memory or disk allocation. 
Fields consisting of a bit array can be extracted and 
inserted on arbitrary “bit” boundaries; a field can span 
one to 32 bits. These fields are always right justified 
after extraction, and any unused bits in the destination 
operand get cleared. 

Although string instructions are a part of the 
instruction sets of other wPs, the 16032 extends them to 
virtual subroutines in a single instruction. Indeed, the 
only drawback to the 16032’s string instructions is that 
they use registers Ry through R, in a dedicated manner: 

Ro: Number of items in the string(s) 

R,: Address of origin of first string 

Rz: Address of origin of second string (if needed) 
R;: Address of origin of translation table (if 
needed) 

R,: Termination value (if needed). 

Strings can consist of data items ranging from bytes 
to double words. (You can only use translation for byte 
strings.) And you can scan them forwards or back- 
wards. You can also specify a translation table to 
convert a string’s byte value to a table entry indexed by 
the byte. Furthermore, you can specify a While/Until 
condition, which compares the string element accessed 
(with possible translation) with the value in register Ry. 
This instruction continues so long as the element 
matches R, (While), or so long as it does not match 
(Until). String instructions also terminate when their 


{ ~G-—— sp POINTER 


NOTE: MUST USE A 
NEGATIVE FRAME- 
MEMORY (FP) 
DISPLACEMENT TO 
ACCESS LOCAL 
VARIABLES AND 
TEMPORARY DATA 


(MINUS) 
FOR LOCAL VARIABLES 


FP POINTER 
(ORIGIN) 


NOTE: MUST USE A 
POSITIVE FRAME- 
MEMORY (FP) 
DISPLACEMENT TO 
ACCESS PASSED 
PARAMETERS 


| 
| 
| 
| 
| 
N BYTES OF STACK RESERVED | 
| 
| <1. 





(PLUS) 


I 
[ 
| 
| 
PREVIOUS STACK FRAME y 


*SAVED PSR ON EXCEPTIONS 

UNUSED IN PROCEDURE CALLS 

ITS LENGTH, 2 BYTES, IS COMPENSATED 

FOR AUTOMATICALLY BY THE PROCEDURE CALLS 


Fig 7—Procedure invocations use a stack frame to hold 
local variables, parameters and other information. The 16032 
provides special instructions and facilities for building and 
manipulating stack frames. 





134 


count (Ro) decrements to zero, and strings can be 
moved, compared and scanned. 

As an example of the power of these instructions, 
consider the task of moving to a buffer a string as long 
as 256 characters. In this operation, lower-case charac- 
ters should be converted to upper case, and movement 
should stop when the program finds a character that’s 
not a letter, digit or dollar sign. Assuming an 
appropriate translation table, this entire operation 
requires just one 160382 instruction. 

Because they are so powerful, the 16032’s string 
instructions are made interruptible. Thus, an interrupt 
can be serviced during execution of a string instruction; 
it doesn’t disturb the string operation, which resumes 
at the point where it was interrupted. 

Block instructions allow moving and comparing data 
items as long as 16 bytes in one step. These instructions 
use two addresses instead of the dedicated registers of 
the string instructions. 


uP thinks like a high-level language 


Illustrating the trend to the use of high-level 
languages (HLLs), the 16032 provides instructions that 
implement HLL constructs. Along with the dedicated 
registers MOD, FP and SB and the Scaled Index 
addressing mode, these instructions permit an assem- 
bly-language programmer to think and produce code at 
a higher level than that accommodated by other pPs. 

The Index and Check instructions, for example, 
permit easy and straightforward addressing of multidi- 
mensional arrays of any data type. Check performs two 
operations. First, it checks that an index register lies 
between an upper and lower bound, specified as a pair 
of constants in memory and of any standard data 
length. Second, it adjusts the index register by 
subtracting the lower bound from that register. Hence, 
it automatically adjusts the index’s origin. 

Index performs one step of the array-address 
calculation. Specifically, the specified register gets 
multiplied by the size of the array dimension and then 
added to the index value. As an example, consider 
IARRAY, an array of 32-bit integers with three rows 
and four columns. Suppose you wish to perform this 
operation: 

IARRAY(I,J):=1 
On the 16032, you do it with six instructions: 
CHECKD R,,BOUND2,J — check second dimension 


FLAG trap if out of range 
CHECKD R,,BOUND1,I check first dimension 
FLAG trap if out of range 


INDEXD R,, 3, Ri compute array index 
MOVD 1, IARRAY [Ry:D] © store value 

BOUND2 is the address of a pair of 32-bit constants: 1 
and 4. Similarly, BOUND1 denotes constants 1 and 3. 
Note that you could perform this operation in only three 
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Innovative circuit 
design and advanced 
laser wafer trimming 
bring you the first 
monotonic, monolithic 
16-bit DAC. 


We made it first! 

Our new AD7546 is 
a 16-bit, voltage 
output D/A 
converter 
that’s mono- 
tonic to 16 bits 
over temperature. “ 
It features fast settling time (10us to 
'/2LSB), unipolar and bipolar operation, 
and low power consumption (50mW/). 
It has an on-chip latch for easy wP inter- 
face, and even an output deglitching 
Switch synchronized to the latch-enable 
signal. 





ANALOG 
DEVICES 





And we can deliver it! 

By using a novel circuit design and 
our exclusive laser wafer trimming tech- 
nology—the only proven way to cost- 
effectively manufacture ADCs and DACs 
—we've also made the AD7546 a real 
high-volume production component. 

if you want the high reliabi:ity, compact 
size, and low cost (as low as $19 in 100's) 
of a true monolithic 16-bit DAC, you 
want it from the recognized leader in IC 
converter technology. 


For more information and the full 
specifications on this advanced new DAC, 
contact Don Travers or Doug Grant at (617) 
935-5565, or write Analog Devices, Inc., 
P.O. Box 280, Norwood, MA 02062. 








Analog. 
At the cutting edge 
of technology. 


Analog Devices, Inc., One Technology Way, Norwood, MA 02062; Headquarters: (617) 329-4700; California: (714) 842-1717, (408) 947-0633; Illinois: (312) 653-5000; 
Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094, (713) 664-6704; Washington: (206) 251-9550; Belgium: 031/37 48 03; Denmark: 02/84 58 00; France: 01/687 34 11; Holland: 016/20 51080; 
Israel: 052/28995; Italy: 02/68 98 045; Japan: 03/263 6826; Sweden: 08/282 740; Switzerland: 022/31 57 60; United Kingdom: 01/941 0466; West Germany: 089/514010. 
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Auctoincrement and Autodecrement 
modes aren’t available 


PASCAL 

MODULE. DELAY; 
EXPORT OLDT: INTEGER? 
EXPORT PROCEDURE ADDTOC(VAR Ts: 
VAR 

TEMPS 
REGIN 

TEMP ¢3= 

DLDT $= 
T 3= TEM 


INTEGER? 


NS160000 ASSEMBLY 
ePROGRAM 

eEXPORT ADDTO,ILNT 
ENTER (R7],4 


ADDTO: 
* MOVD 16CFP),R7 


INTEGER; N° 





INTEGER)? 


z;save R7 and allocate space for TEMP 
,qget address of T into R?7 


MOVD 
~ MOVD 
MOVD 


O(CSB),-4(FP) ;move OLDT into TEMP 


O(R7),0(SB) 
“4(FP),0(R7) 


-move T into OLDT 
z;move TEMP into T 


ADDD 12(FP),0(€R7) 
EXIT [R77] : 
RXP 8 

eENDSEG 

eSTATIC 

eBLKD 1 


OLDT: 


PASCAL 
PROGRAM TESTCINPUT, 
IMPORT DELAY? 
VAR 


OUTPUT); 


Ts: INTEGERS$ 
BEGIN 


T. 22:-04 
ABVUTBR ET 333 
END, 

NS16009 
«PROGRAM 
e IMPORT OLDT 
eIMPORT ANDTO 
4OVOQD 0,EXTERNAL(0) 
MOVOD 0,0(SB) 

ADDR 0(SB),T9S 
MOVQD 3,TOS 
CXP ADDTO 
SVC 
eENDSEG 
SOTATIC 
5 ~BLKD 1 
eENOSEG 


ASSEMBLY 


TEST: 


;move 
;move 
;push 
,push 3 

,call ADDTO 

rsreturn to operating system 


sada N-ty oF 
srestore R7, discard TEMP and restore FP 
return and remove T and N from stack 


0 into OLOT 
0 into T 
address of T 


Fig 8—When converting PASCAL to 16032 instructions, the 16032 allows a compiler to generate very compact and logical code. 


instructions if you omit the boundary-checking steps. 
The 16032 also provides an instruction that imple- 
ments the HLL Case statement. Suppose register R, 
contains a word between 0 and 4 and you wish to jump 
to one of five addresses depending on this value. You 
would code the operation as follows: 
L;; CASEW T,[R::W] case instruction 
T,: .WORD L,-label0 where to go if R,;=0 
.WORD L,-label1 
.WORD L,-label2 
.WORD L,-label3 
.WORD L,-label4 


m™ CO DO 
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A Check should precede Case to trap out-of-range 
values and to adjust for ranges not starting with zero. 


Accommodating activation records 


As noted previously, the 16032 provides instructions 
to enter and exit a context; these instructions combine 
the functions of several instructions in other wPs. 
ENTER, for example, pushes the FP onto the stack, 
adjusts the stack pointer to provide space for local 
variables and pushes the specified general registers 
onto the stack. The FP gets updated to point to the 
local variable space. EXIT reverses this process, 
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ee Microwave 
comes out of the kitchen. 


Now you can 
process products faster and 
cheaper with RCA magnetrons. 


ranges in efficiency from 80% to 85% as the output power 
is varied from 10kW to 30kW. The higher the efficiency, 
the lower the operating costs. This results in consider- 
able energy savings. 


Further, RCA magnetrons are among the world’s 
most reliable. Indeed, one customer has reported life _ 
as long as 20,000 hours. 


Explore the possibilities of microwaves produced 
by RCA magnetrons. For more information, and app- 
lications assistance, please write RCA Power Tube 

Marketing, New Holland Avenue, Lancaster, PA 
17604. Telephone: (717) 397-7661. 


Shown is RCA Magnetron 8684, with output power 
a from 10 to ee Also available is Model 49 











Cooking isn’t the only thing you can do with mag- 
netrons. Microwaves are also revolutionizing dozens 
of industrial processes. And no wonder. 


With microwaves you can heat, dry, cure, seal, 
mold, thaw, sterilize, vulcanize and pasteurize...better 
than with conduction, convection or radiant heat. 


One of the chief advantages of microwaves in 
industrial processing is instantaneous, deep penetra- 
____ tion. Because the material is instantly heated through 
and through, product quality can be significantly 

_improved, production rates dramatically increased. 
¢ ‘ontinuous-flow eels are pie with 
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String instructions 
are interruptible 


24 I/O LINES 


Kea: 


TWO BLX 
EXPANSION- 
MODULE 
CONNECTORS 






8k-BYTE 
PROM 






—32k- 
BYTE 
RAM < 






MEMORY SECTION 


TO/FROM MULTIBUS- 
COMPATIBLE BACKPLANE 





16 INTERRUPT INPUTS 


RS-232C SERIAL 
DATA LINK 


ae 
















BAUD-RATE | 
CLOCK 







FULL PINOUT OF 
LOCAL BUS FOR 
SYSTEM EXPANSION 


Fig 9—A ,.P needs support, and National’s DB16000 board provides it on a Multibus-compatible card. Support is also available for 
the floating-point (FPU) and memory-management (MMU) units soon to become part of the 16000 family. 


restoring the saved registers and the FP while 
reclaiming the stack space used by the local variables. 
The Return instructions provide for adding a constant 
to the SP upon return; this procedure furnishes a way 
to remove passed parameters from the stack. 
Also as noted earlier, the 16032 provides instructions 
to call and return from external procedures. These 
CXP and RXP instructions maintain the MOD and SB 
registers as well as return addresses. For example, 
consider the following external-procedure invocation, in 
which two parameters get passed, one by value and a 
second by address: : 
MOVD var1,TOS param 1 value to stack 
ADDR var2,TOS | param 2 address to stack 
CXP name call procedure 

The body of the procedure is: 

name: ENTER [reglist],n n bytes of local variables 


EXIT [reglist] restore stack frame 
RXP 8 eight bytes of parameters 
Fig 7 shows the stack-frame organization produced by 
this example. Note how closely this operation parallels 
the working of block-structured languages. 
Fig 8 shows the instructions a PASCAL compiler for 
the 16032 might generate, given a main program TEST 
calling on an external procedure ADDTO. Each module 
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has a global variable (T in TEST and OLDT in ADDTO) 
which gets accessed via the SB register. Module 
ADDTO has a local variable TEMP, accessed using the 
FP register. (Note the use of “quick” instructions in 
TEST to move the constants 0 and 3.) ADDTO 
illustrates the 2-address ADD instruction. Two param- 
eters get passed to ADDTO using the previously 
described framework. (Note also the use of External 
addressing in TEST to access a variable in ADDTO. ) 
“Fine,” you say, “the 16032 sounds great on paper. 
But how do I get to use it?” To answer this question, 
National provides the DB16000 single-board computer. 
Much more than the usual evaluation board, this 
Multibus-compatible card is a powerful computer in its 
own right. Fig 9 shows its block diagram; the 16032 uP 


combines with its clock-generator chip (16201 TCU), 


which provides timing for all other devices on the board 
and handles such functions as Wait-state generation and 
reset shaping. 

The board also includes 8k bytes of EPROM, which 
store a monitor/debugger. A few simple jumper 
changes accommodate an additional 8k of PROM. In 
addition, the standard board comes with 32k of RAM; 
exchanging the 16k RAMs for 64k devices and making 
some jumper changes expands this figure to 128k. 

A complete Multibus interface permits the DB16000 
to function as a bus master with other Multibus 
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And get this: 





dc to 150 MHz bandwiath 
10 ns settling time to 0.2% 


With the revolutionary new CLC103 op amp, all you 
need is one gain setting resistor and +Vcc. The 
feedback resistor from output to inverting input is in- 
ternal. There’s no extra circuitry to design. No com- 
pensating networks either. And the bandwidth (-3dB) 
will hold for gain settings from one to 40, inverting or 
non-inverting. What’s more, the CLC103 delivers an 
impressive 6 V/ns slew rate, flat gain-phase response 
from dc to over 100 MHz, plus unconditional 
stability...without external compensation. And in 100 


piece quantities, it’s priced at just $115. 

Choose from an industrial or military version. But be 
sure you choose the CLC103. Because you won't 
find a fast settling, wideband op amp 
that’s higher performing...or 
easier to use. 

For complete details, call 
(303) 669-9433. Or, write 
Comlinear Corporation, — ' 
2468 E. 9th St., Loveland, CO. 80537. 







Comlinear 
Corporation 
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A Designer's 
Guide to 


FIBER 
OPTICS 


This comprehensive, authoritative guide covers all 
aspects of fiber-optic systems. Totalling 37 pages, it 
provides full understanding of the components, their 
key parameters and how they relate to fiber-optic 
system design. 








e Part 1 — Understanding glass fibers and their 
parameters 


¢ Part 2 — Matching sources and detectors to the 
fibers 


e Part 3 — System-design considerations 
© Part 4 — Building a fiber-optic system 


Send to: 


Fiber Optic Reprints 
EDN Magazine 

221 Columbus Ave 
Boston, Ma 02116 


Please send ____—_—scopies of 
Designer’s Guide to Fiber Optics 
—$5.00 ($7.00 NOn-USA Surface Mail, $10.00 Air Mail) 


Check or money order must accompany each order. No 
COD. MA residents add 5% sales tax. 


Send to: 
Name 
Title 
Company 
City 


State 
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Evaluation board provides 
full computer support 


hardware. Board memory is dual ported—a feature 
missing from some Multibus processor boards. An 8255 
provides parallel I/O capabilities, complete with driver 


' chips (7487s), and an 8251 drives a serial line for the 


monitor/debugger terminal. You can add additional 
serial and parallel I/O directly on the local bus, using 
the two expansion connectors provided. 

As parts become available, you'll be able to add the 
16202 interrupt controller (ICU) to the DB16000, 
providing support for the eight Multibus interrupt lines 
and eight more interrupt inputs. The ICU will also 
contain two programmable timers, one of which the 
DB16000 will use as a baud-rate generator for the 8251. 
(Boards shipped without ICUs have a fixed baud rate of 
9600.) 

The DB16000 also provides a socket for the 16081 
F'PU, which you'll be able merely to plug in when it 
becomes available. A socket and support for the 16082 


_ MMU is also provided. 


The monitor provides a rich set of commands. A 


| Transparent mode permits use of the board with a 


separate development system: Upload and Download 
commands permit transfer of programs and data 


between the development machine and the board. Local 
mode includes commands to display and modify every 
register of the 16032 and the FPU and MMU slave > 
processors. And memory-change, -fill and -search 


| commands make it easy to work with programs in the 


DB16000’s memory. Debugging can occur via Break- 
point and Trace commands, and Step-While and 
Step-Until provide a flexibility in specifying break 
conditions seldom found in this type of computer. 
Finally, if you install the MMU, you can bring its 
debugging facilities to bear on a problem. 

As an additional very nice point, National supplies 
the complete source code of the monitor. Basic I/O 
routines are directly callable, and their calling conven- 
tions are clearly specified—providing you with a good 
start toward understanding how to code for the device. 

In sum, the 16032 seems to be a powerful and 
well-designed processor. Its instruction set contains 
features available on no other single uP, and its 
capabilities will increase dramatically as its slave 
processors become available. The DB16000 board is a 
practical and useful way to test out this newest of the 
16-bit wPs. EDN 





Author’s biography 


Robert Grappel is vice president of Hemenway Corp, a 
Boston, MA software-systems supplier. 
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How AMI RO 





make you a roaring success. 


Quick turnaround, wide selection, 
flexibility and service—all to make 
you more competitive in today's 
market. 


AMI’s 3-week prototyping. We can 
give you ROM prototypes in 3 weeks, 
production ROMs in 4 to 6 weeks. 
What makes this kind of quick turn- 
around possible is AMI’s late mask 
programming. 

Many customers use late mask 
programming for initial product 
runs, then make the easy transition to 
diffusion fabrication for even lower unit 
cost. That's where AMI's flexibility 
really pays off. 


The right ROM every time. Selec- 
tion is another part of AMI’s flexibility. 
We offer a full line—8K, 16K, 32K, 
64K, 128K, and soon 256K NMOS 


ROMs. You get a range of pinout 
options for ERROM compatibility and 
speeds from the standard 450ns 
down to 250ns. And all product is 
tested to 0.1% AQL, the industry's 
toughest in-house quality standard. 


We’re committed to service. With 
over 16 years as the leader in custom 
MOS/VLSI, AMI understands the Im- 
portance of quality service. We are 
developing new ROM technologies to 
ensure your continued success and 
growth. For more information, call 
Dick Norby at 408-554-2051, or 
return the coupon. 


American Microsystems, Inc. 


» 


A Subsidiary 
of Gould Inc. 














[ROW are importantiome, and) | 
| think AMI can help. : 
| Send me your informative =| 
| brochure “The ROM Book.” | 
Send me data sheets on | 
| your ROMS. | 
Have afield engineer call. | 
| Name | 
| Title | 
| Company | 
| Address | 
| M/S | 
| City 
| State Zip | 
| PhoneNumber( __) ! 
| Mail to: ROM Marketing | 
American Microsystems, Inc. | 
| 3800 Homestead Road | 
| Santa Clara, CA 95051 EDN 9-29 | 


©1982 American Microsystems, Inc. 


Natural solutions are custom-made. 








At Exar, you call the shots 
on custom IC development. 
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We bend our rules to meet your needs. How soon do you need prototypes? 

Some big custom IC houses lose interest if your custom We'll work out a schedule you can live with. At Exar, typi- 
requirements don’t fit their rules. At Exar, we don’t have rigid cal turnaround time is half that of most big custom houses. 
rules. You tell us what you need and we help you get it. Period. How much do you 
How many custom ICs do you need? want to do yourself? 


At Exar, theres no minimum volume requirement. Even if 
your current volume is too small to make full custom cost- 
effective right now, we'll help you get started with semi-custom 
ICs.When your product matures and the numbers get big, 
we'll help you convert to full custom. 


We can do all or 
any part of the custom 
development cycle. 
We’ll design and build 
your custom circuit 
from your specs. Or 
convert your semi- 
custom design to full 
custom toreduce unit 
cost. Or fabricate 
wafers from your 

_ design and tooling. 
We’ll even second- 
source a custom 
circuit designed for 

you elsewhere. Any way you call it-CMOS, I°L, or bipolar 
gate arrays—you'll get personal attention and guidance every 
step of the way from our custom IC experts. 


What kind of packaging? 3 
Choose from plastic or ceramic DIPs, molded flat packs, 


chip carriers, tab power packages, or your own custom pack- 
aging. Or specify delivery in wafer or dice form. 


How about cost? 

We’re committed to providing the highest-quality custom 
ICs in the industry at a competitive price. We’re even flexible 
about upfront money and contract agreements, because we 
know how important these can be to you. ~ 


Call Exar for full custom and call your own shots. 

We’ve been providing custom ICs for companies large and 
small for over 10 years. Our experienced people, CAD design 
capabilities, modern processing facilities and rigorous quality 
control programs assure you custom circuits 
that meet your product needs. a 








Semi-Custom Product Guide. 


[_] Please have an Exar 
representative call me. 


ere a ee ee le 
Company 


Street 





Pee iate(Zip 2 Phone 
My application is: 


Exar, 750 Palomar Avenue, Sunnyvale, CA 94086 
(408) 732-7970 EDN 9/29/82 


ZEXAR 


For custom, semi-custom or standard integrated circuits ... Exar has the answer. 
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CIRCLE NO 55 


New Application Technology 


Multitasking-PASCAL extensions 
solve concurrency problems 


Deadlocks and indefinite postponements threaten any multitasking 
environment. Task-synchronizing extensions to multitasking 
| PASCAL defeat these threats. 


Peter H Mackie, Interactive Technology Inc 


To avoid deadlock (one process waiting for a resource 
that another process can’t release) and indefinite 
postponement (one process being continually denied a 
resource request) in your multitasking-system applica- 
tion, you can use a high-level development language 
with built-in concurrency handlers. Parallel PASCAL is 
one such language; it extends standard PASCAL via 
special task synchronizers: a new data type called 
Signal, new system procedures called Wait and Send 
and a Boolean function termed Awaited. To understand 
the language’s use, examine the problems it helps solve. 


System deadlock brings operations to a halt 


Multitasking programming poses difficulties not 
present in sequential programming. In multitasking, 
different processes require shared system resources; 
therefore, programmers can’t anticipate potential con- 
flicts between simultaneous tasks. One of the most 
devastating possibilities, deadlock, results because no 
process can gain access to an assigned resource until 
the controlling process releases that resource. 

Deadlocking (Fig 1) can occur when a process holds 
resources while requesting others it needs to perform a 





| eaTing | 4 


Fig 2—The dining-philosophers problem i//ustrates the deadlock 
potential inherent in a:multitasking system. Each philosopher must 
share forks with adjacent philosophers but needs two forks to eat. If 
philosophers get locked out of one or both forks, they starve. 
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Fig 1—Deadlock occurs when tasks hold on to needed 
system resources while requesting others. 





function. It can’t release the held resources until it 
completes the function. But the required resources 
might be similarly monopolized by a likewise stymied 
process. Thus, two or more processes can wait forever 
for delivery of the needed resources. 

If deadlock occurs, system functions stop. Clearly, 
multitasking programs performing process control, 
monitoring or handling must supply some method of 
resource management that averts deadlocking. 

The classical problem of the dining philosophers (Fig 
2) illustrates the potential for deadlock and one method 
of eliminating that potential. In this multitasking 
analogy, five philosophers spend all of their lives doing 
one of two things: eating or thinking. Each philosopher 
has a large plate of spaghetti and a place at a table. To 
eat the spaghetti, each philosopher needs two forks. 
However, each philosopher initially has only one 
fork—a total of five are thus available. The philoso- 
phers won’t ever be able to eat unless they share their 
forks, and each can only share forks with his neighbors 
to his immediate right and left. The problem is to 
simulate the processes of alternately eating and 
thinking while avoiding deadlock (ie, a philosopher 
holding one fork never being granted the request for 
the other). Because each philosopher must pick up and 
put down forks independently of all the others, and 
because each can potentially monopolize a system 
resource (fork) required by another, the problem 


provides a good analogy for concurrency handling in 


multitasking process control. 

How can the philosophers eat and think while 
avoiding deadlock? Note that with only five forks 
available, only two philosophers can eat at one time. 
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Five dining philosophers 
symbolize multitasking 


And because only neighbors can share forks, no two 
adjacent philosophers can eat at the same time. 

A straight-ahead, intuitive solution has each philoso- 
pher, in parallel with all the others, execute a process of 
picking up forks, eating, putting down the forks and 
thinking (Fig 3). In this too-simple solution, each 
philosopher concurrently invokes Pickup and Putdown 
procedures to access and release the forks, first left and 
then right, with the fork index passed as a parameter. 
The procedures can use a Boolean array, Fork Free[I], 
to discern the availability of fork I. Only after acquiring 
two forks can a philosopher stop thinking and start 
eating. Within these constraints, eating and thinking 


functions can call a Pause to generate random durations. 


Unfortunately, in this innocuous solution lies a 
potential deadlock situation: Everything would contin- 
ue smoothly until no philosopher can complete a Pickup 
procedure because of an eternally unavailable fork. 
What happens, for instance, when each philosopher, in 
parallel, picks up a left fork and attempts to acquire a 
right one? Very rapidly, each philosopher blocks 
another’s Pickup procedure by holding one fork and 
waiting for one held similarly by another. Deadlock 
then occurs because processes (philosophers) hold 
certain resources while requesting others. The philoso- 
phers, if they are to eat, need a better solution. 

Consider a more involved program, one that doesn’t 
rely on a process’s holding only part of the resources 
needed for a task (Fig 4). Now the philosopher process 
employs a parameter, I, corresponding to an index 
number (1 to 5) for the various philosophers. More 
important, the acts of picking up and putting down 
forks now consist of single procedures, with the 
philosophers’ index as the parameter. If the program- 
ming language permits tasks to signal each other 
concerning the availability of resources, each philoso- 
pher can wait until two forks become available before 
executing the Pickup procedure. Causing a task to wait 


PROCESS PHILOSOPHER ; 
BEGIN 
REPEAT 
PICKUP (LEFT); 
PICKUP (RIGHT) ; 
{ Eat for awhile } 
PUTDOWN (LEFT) ; 
PUTDOWN( RIGHT); 
{ Think for awhile } 
UNTIL FALSE; 


END; 


Fig 3—Iin a straight-ahead, inadequate solution to the 
deadiock problem, philosophers execute a process in 
parallel. If all philosophers picked up left forks simultaneous- 
ly, each would block another's request for a right fork. 











PROCESS PHILOSOPHER(I: INTEGER) ; 
BEGIN 
REPEAT 
PICKUP(I1); 
{ Eat for awhile } 
PUTDOWN(I1); 
{ Think for awhile } 
UNTIL FALSE; 


END; 


Fig 4—A better deadlock solution uses philosopher 
numbers as parameters. Pickup and Putdown now access 
and release forks via single procedure calls. With communi- 
cation between tasks thus provided, a philosopher can only 
pick up forks when two become available. 


in this manner before monopolizing resources thus 
eliminates deadlock. | 

Parallel PASCAL employs extensions that make such 
intertask communication and synchronization possible 
(see box, “Parallel PASCAL’s extensions ease concur- 
rency handling”). In this language, tasks can pass a 
new data type (Signal), indicating conditions. 

Two procedures—Wait and Send—suspend a task or 
resume a suspended task using a specified Signal 
variable as parameter. And the Awaited function 
indicates the existence of tasks waiting on a given 
signal variable. (You must initialize all signal variables 
to zero before using them.) 

Fig 5 shows the completed solution to the philoso- 
phers’ deadlock problem, employing the concurrency 
extensions available in Parallel PASCAL. Pickup and 
Putdown procedures must use variables to track fork 
availability, similar to the Fork Free method used in 
the earlier, inadequate solution. A 5-element array, 
Myforks[I], holds the number of forks available to 
philosopher I: 1, 2, 3, 4 or 5. Now the Pickup procedure 
allows philosopher I to pick up forks only when 
Myforks[I]:=2. Otherwise, philosopher I waits on the 
Ready[I] signal variable, sent by another philosopher 
during Putdown, indicating two available forks. The 
array Ready[I] signifies that each blocked philosopher 
waits on his own signal. 

When philosopher I succeeds in accessing his two 
forks, he must decrease the Myforks variable for the 
philosophers to his left and right. Functions Left[I] and 
Right[I] index these adjacent philosophers: Left[4]:=3 
and Right[4]:=5, for example. Note, too, that the 
closed philosopher ring means that Right[5]:=1 and 
Left[1]:=5. On Pickup, then, philosopher I must 
decrement Myforks[Left{I]] and Myforks[Right[T]]. 

After successfully completing the Pickup[I] proce- 
dure, the philosopher eats for a while. When ready to 
return the forks, the philosopher calls Putdown[I], 
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increasing his neighbors’ fork counts. If either neigh- 
bor’s forks count reaches 2, the philosopher signals that 
neighbor with the appropriate Ready signal. Such 
communication among the philosophers eliminates all 
possibility of contention. 


Keep errors nonexistent 


Errorless concurrency handling requires that noth- 
ing happens to a given variable between the time a task 
tests it and the time the task acts on the test result. In 
the example, if a philosopher finds two forks available 
to his neighbor, those forks must still be available when 
the philosopher sends a Ready signal to the neighbor. 
In this regard, a segment of code that accesses or tests 
variables that other tasks must not alter is called a 
critical region. 

Parallel PASCAL protects such critical regions by 
giving a task full control of the processor until the task 
executes a Send or Wait. Any code region not 
containing a Send or Wait is a protected critical region 
and may test or use system resources without other 
tasks interfering. 

You can keep a region critical with respect to a given 
resource and still extend it over Sends and Waits by 


framing it with semaphore procedures. A semaphore 
record used for this purpose combines two variables, a 
Boolean and a Signal (Fig 6a). A task accessing the 
critical region sets the Boolean to indicate the region’s 
occupation. A subsequent task, finding the Boolean 
indicating a task already in the region, must Wait on the 
semaphore’s Signal portion. When the first task leaves 
the region, it resets the Boolean and sends the Signal, 
restarting the waiting task. Thus, only one task can 
enter the critical region at a time. Fig 6b shows 
PASCAL Grab and Release procedures for. critical- 
region management. 

Proper concurrency handling also requires that a 
sent signal still be valid when a task waiting on the 
signal resumes. Parallel PASCAL ensures this validity 
by transferring program control to a waiting task 
immediately after a Send procedure. Because a philoso- 
pher receiving a two-forks-ready signal gains immedi- 
ate program control, that philosopher will therefore 
still have two forks available when resuming Pickup. 


Decreasing indefinite postponement 


Turn now to the second problem that a multitasking 
system must avoid. When a task, while not technically 


Parallel PASCAL’s extensions ease concurrency handling 


Extensions to PASCAL allow Par- 
allel PASCAL to handle multi- 
tasking without fatal contention 
between tasks. 

In this language, “process” and 
“task” have related but distinct 
meanings. A process is a block of 
PASCAL code that the compiler 
translates into a block of machine 
code. Formally identical to a pro- 
cedure but using the Process 
identifier, this process may have 
parameters and local variables, 
may call procedures and functions 
and may declare procedures and 
functions internally. 

Calling a process creates a 
task; ending a process destroys 
that task. A task is therefore the 
dynamic execution of a process. 
While not truly simultaneous, 
tasks share the computer so rap- 
idly and smoothly they appear to 
run at the same time. Each task 
has a scheduling block linked into 
a circular list where the processor 
checks it for execution. 
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Tasks are either active, eligible 
or waiting. An active task controls 
the processor. A waiting task 
waits for a signal and gains proc- 
essor control immediately follow- 
ing the signal. When a task gives 
up the processor after completion 
or after executing a Wait, the 
processor moves around the 
scheduling list on a round-robin 
basis, executing the next eligible 
task. (Parallel PASCAL also pro- 
vides interrupt features that create 
exceptions to these rules.) 

Tasks communicate via a new 
data type called Signal. You must 
initialize any signal variables to 
zero before using them. Proce- 
dures Wait and Send use signal 
variables as parameters. The Wait 
procedure can have an optional 
integer parameter called the rank 
(default value of 1). 

After executing a Wait(S, R), a 
task relinquishes the processor 
and goes into a queue of tasks 
waiting for signal S. It goes ahead 


of all waiting tasks having lower 
rank and behind all waiting tasks 
having the same or higher rank (1 
is highest). Execution proceeds to 
the next available task; the waiting 
task resumes only when it reach- 
es the top of the queue and some 
other task sends the queue’s 
signal. Read and Write can call 
Wait implicitly. 

The procedure Send(S) sus- 
pends the current task and links it 
into the eligible-task list. The top- 
most task in the queue of tasks 
waiting for S begins executing. On 
an empty queue, execution con- 
tinues with the sending task. 
(Sends and Waits in_ interrupt 
processes follow slightly different 
patterns.) The Boolean function 
Awaited(S) is TRUE if at least one 
task waits for S, FALSE otherwise. 
Awaited does not switch tasks. 

For more information on Paral- 
lel PASCAL, Circle No 648. 
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Intertask signaling 
eases concurrency control 


locked out, can’t access all required resources because 
of a repeating block, indefinite postponement has 
occurred. For example, if philosopher 1 has just picked 
up forks and philosopher 3 has just put forks down, 
philosopher 2 can enter Pickup, find one of the forks 
busy, and wait. Before philosopher 1 finishes eating, 
philosopher 3 picks up forks again. Philosopher 1 
finishes eating, releases forks, thinks a bit and picks up 
forks before philosopher 3 releases forks. Philosopher 2 
therefore never has two forks available and would 
starve if the sequence repeated forever. 


VAR 
I: INTEGER; 
MYFORKS: ARRAY[1..5] OF INTEGER; 


READY: ARRAY[1..5] OF SIGNAL; 


PROCEDURE PAUSE(1: INTEGER); 

{ CALLED BY ANY TASK DESIRING A TIMED WAIT } 
BEGIN 

WHILE 1 > 0 DO 

BEGIN 


{ WAIT FOR A DEFINED PERIOD OF TIME } 


END; 


END;{ PAUSE } 


FUNCTION RIGHT(1I: INTEGER) : INTEGER; 
{ CALCULATES PROPER RIGHT NEIGHBOR PHILOSOPHER } 
BEGIN 

nem Wee Gl 

THEN RIGHT: =1+1 


ELSE RIGHT: =1; 
END; { RIGHT } 


{ RIGHT OF PHILOSOPHER 5 IS PHILOSOPHER 1 } 


FUNCTION LEFT(I:INTEGER): INTEGER; 
{ CALCULATES PROPER LEFT NEIGHBOR PHILOSOPHER } 
BEGIN 
1 cae Ee 
THEN LEFT: =I-1 
ELSE LEFT: =5; { LEFT OF PHILOSOPHER 1 IS PHILOSOPHER 5 } 


END;{ LEFT } 


PROCEDURE PICKUP(I: INTEGER); 
BEGIN 
IF MYFORKS[I] <> 2 
THEN WAIT(READY[I]}); 
{ WAIT UNTIL BOTH ADJACENT FORKS ARE AVAILABLE... } 


MYFORKS[ RIGHT (1)]:=MYFORKS[RIGHT(I)]-1; { THEN DECREMENT NEIGHBOR } 





Reducing the possibility of such postponement in- 
volves introducing an age variable for each fork 
requester and then holding the fork for the oldest 
requester. An array of signals, Maxwait[I], can contin- 
uously identify the longest wait for forks. Fig 7 shows a 
Pickup procedure modified in this manner. Now only 


the longest waiter can complete Pickup. But a philoso- 


pher with two available forks can’t eat if another has 
waited longer, even if the latter has no forks available. 

This solution reduces parallelism to a minimum. 
Another solution counts the meals enjoyed by a waiting 


MYFORKS(LEFT(1)]:=MYFORKS[LEFT(1)]-1; { PHILOSOPHER FORK COUNT } 


END; { PICKUP } 

PROCEDURE PUTDOWN(I:INTEGER); { STOP EATING, START THINKING } 
BEGIN 
MYFORKS[(RIGHT(1)]:=MYFORKS[RIGHT(I)]+1; { PUT DOWN THE FORKS } 


MYFORKS(LEFT(1)]:=MYFORKS[LEFT(1)]+1; 


{ SIGNAL ADJACENT PHILOSOPHERS IF THEY HAVE THE 2 FORKS AVAILABLE } 
IF MYFORKS[RIGHT(I)] = 2 

THEN SEND(READY[RIGHT(I)]); 

IF MYFORKS[LEFT(I)] = 2 

THEN SEND(READY[LEFT(1)]); 


END; { PUTDOWN } 


PROCESS PHILOSOPHER(1I: INTEGER); 
BEGIN 

REPEAT 

PICKUP(I); 

WRITE(' EATING '); 

PAUSE(1); 

PUTDOWN(I); 

WRITE(' THINKING') ; 

PAUSE(I); 


UNTIL FALSE 


END; { PHILOSOPHER } 


BEGIN { MAIN } 


FOR I:=1 TO 5 DO { INITIALIZE THE PROGRAM VARIABLES } 
BEGIN 
MYFORKS[I]:=2; 


READY[1I]:=NIL; 


END; { FOR } 
FOR Iss1° T0r5-Do { START THE 5 PHILOSOPHER TASKS } 


PHILOSOPHER (1); 


END { DINING PHILOSOPERS }. 


Fig 5—The completed code integrates the Philosopher process into a main routine. Philosophers use the Ready signal to tell their 


neighbors when one has two forks (held in variable Myforks) free. 


148 


EDN SEPTEMBER 29, 1982 


TYPE 
SEMAPHORE=RECORD 
OCCUPIED : BOOLEAN; 
CONTINUE : SIGNAL; 
END; 


VAR 
SEM: SEMAPHORE; 
{ Semaphore data type defined in Fig 6a } 
PROCEDURE GRAB; 
BEGIN 
IF SEM.OCCUPIED THEN WAIT (SEM.CONTINUE) 
{Wait here for resource to free up } 
SEM.OCCUPIED:=TRUE; 
{ Grab the resource } 
END; 


PROCEDURE RELEASE 
BEGIN 
SEM.OCCUPIED:=FALSE; 
{ Release the resource} 
SEND (SEM.CONTINUE) ; 
{ Tell other tasks waiting through a Grab 
that the resource is available} 


(b) END; 


Fig 6—Critical-region management starts with a sema- 


phore record (a), which combines a Boolean and a Signal 
variable. Grab and Release procedures (b) provide the 
actual management functions. 


PROCEDURE PICKUP(I:INTEGER); 

BEGIN | 
WAIT(MAXWAIT[I]); { WAIT FOR THE LONGEST ‘WAIT TO EAT! } 
IF MYFORKS[I] <> 2 
THEN WAIT(READY[1]); { WAIT UNTIL BOTH ADJACENT FORKS ARE AVAILABLE..} 
MYFORKS[RIGHT(I)]:=MYFORKS[RIGHT(I)]-1;  { THEN DECREMENT NEIGHBOR } 
MYFORKS[LEFT(1I)]:=MYFORKS(LEFT(I)]-1; { PHILOSOPHER FORK COUNT } 


END; { PICKUP } 


Fig 7—A possible solution to indefinite postponement 
blocks a philosopher from Pickup until that philosopher has 
waited the longest to eat. 





philosopher’s neighbors. Ifthe waiting philosopher gets 
bypassed a set number of times, the program blocks the 
neighbors until the waiting philosopher has a chance to 
eat. This solution allows greater, but not maximum, 
parallelism. EDN 
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MICROCOMPUTER 
Design 
Courses 


Hardware, software, systems design. 
You can now learn about all aspects of 
microcomputers through EDN’s 
exclusive design courses. 








1980 Microcomputer Systems Reference (394 pages) . .$6.00 
Features: EDN’s 5-chapter ‘‘uC Operating Systems 
Guide and Directory’’, uP Directory, »C Support Chip 
Directory, wC Board Directory 


Designer’s Guide to Testing 
and Troubleshooting .P-Based Products............ $5.00 


Advanced Software Systems DesignCourse......... $6.00 
(a step-by-step tutorial for a 16-bit uC disc operating 
system. 6 chapters) 


Software Systems Design Course.................. $6.00 
(a step-by-step tutorial for an 8-bit uC disc operating 
system. 7 chapters) 


Microcomputer Design Course .................... $6.00 


(11 chapters, 83 pages) 
EDN Software Design Course(90pages)............... $6.00 


(Add $2.00 to each of the above for non-USA surface mail 
$4.00 Air mail) 


BUY IN COMBINATION AND SAVE 
e Any two items—Deduct $1.00 

e Any three items—Deduct $2.00 

e Any four or more items—Deduct $3.00 


NOTE: Prices Effective November 1, 1981 

Payment must be included with your order. Make checks 
payable to: EDN Reprints. For quantities above 25 of each 
item, call Stephanie Schohan for quotes. (617)536-7780 x216 


Send to: uC Reprints/EDN Magazine 
221 Columbus Ave./Boston, MA 02116 
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the world’s largest variety of off-the-shelf models 
1.5-450 MHz 3°phase unbalance 


The 90° Series from Mini-Circuits from $12 


Choose from more than 20 models of 2-way, 90° 
power splitters, spanning 1.4—450 MHz, with typically 
better than 25 dB isolation and insertion loss less than 
0.3 dB. Models are available in hermetically-sealed pin 
packages as well as connector versions. 

Of course, if you need a “special” for a specific appli- 
cation, contact us for a prompt, informative response. 
We can supply your needs...at regular catalog prices! 


For complete specs, performance curves and appii- 
cation information, refer to 1980-1981 MicroWaves 
Product Data Directory (pgs. 179-216) or EEM (pas. 
2923-3142). 
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[~ Mini-Circuits 


A Division of Scientific Components Corp. 
World's largest manufacturer of Double Balanced Mixers 


2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 
Domestic and International Telex 125460 International Telex 620156 


90° SERIES SPECIFICATIONS 





Model 
No. 

PSCQ-2-1.5 
PSCQ-2-3.4 
PSCQ-2-6.4 
PSCQ-2-7.5 
PSCQ-2-10.5 
PSCQ-2-13 
PSCQ-2-14 
PSCQ-2-21.4 
PSCQ-2-50 
PSCQ-2-70 
PSCQ-2-90 
PSCQ-2-120 
PSCQ-2-180 
PSCQ-2-250 
PSCQ-2-400 
PSCQ-2-450 
ZSCQ-2-50 
ZSCQ-2-90 
ZSCQ-2-180 
ZMSCQ-2-50 
ZMSCQ.-2-90 


ZMSCQ-2-180 


Freq. 
Range 
MHz 
1.4-1.7 
3.0-3.8 
5.8-7.0 
7.0-8.0 
9.0-11.0 
12-14 
12-16 
20-23 
25-50 
40-70 
55-90 
80-120 
120-180 
150-250 
250-400 
350-450 
25-50 
55-90 
120-180 
25-50 
55-90 
120-180 


Isolation 
dB 
Typ. Min. 
29 25 
30 ar 
30 25 
oo 25 
25 20 
29 25 
30 25 
30 25 
30 20 
25 20 
30 20 
25 18 
23 15 
23 18 
22 16 
22 16 
30 20 
30 20 
23 15 
30 20 
30 20 
pa 15 





*Average of coupled outputs less 3 dB 





Insertion 
Loss dB* 
Typ. Max. 
DA OF 
04 07 
CO 7 
04 0.7 
O04 = O7 
04 07 
6.3506 
04 07 
G35 O07 
03:2 RF 
ed ed 
OS ee 
0:3:- OF 
04 08 
0:4. =09 
04 09 
Cai SF 
O30 OF 
G3. G7 
O32: OF 
Gay, 
OS Ae 


Impedance 50 ohms all models 

















Phase 


Unbalance 


Degrees 
Max. 


3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.0 
4.0 
4.0 
4.0 
3.0 
3.0 
4.0 
3.0 
3.0 
4.0 


Amplitude 
Unbalance 


dB 


Max. 


1.2 
1.2 
1.2 
Lz 
1.2 
1.2 
1.8 
1.2 
iS 
1.2 
12 
1.5 
IZ 
£5 
£5 
te 
15 
1:2 
1.2 
1.5 
1.2 
1.2 





Price 


Each Qty. 


12.95 (5-49) 
16.95 (5-49) 
12.95 (5-49) 
12.95 (5-49) 
12.95 (5-49) 
12.95 (5-49) 
16.95 (5-49) 
12.95 (5-49) 
19.95 (5-49) 
19.95 (5-49) 
19.95 (5-49) 
19.95 (5-49 
199 | 

19:95 \( 

19.95 (5-49 
19.95 (5-49 
39.95 (4-24) 
39.95 (4-24) 
39.95 (4-24) 
49.95 ( 

49.95 ( 

49.95 ( 


) 
5-49) 
5-49) 
) 
) 


4-24) 
4-24) 
4-24) 
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Sync separator uses only one IC 





Jack Gershfeld 
Conrac Corp, Covina, CA 





You can separate horizontal and vertical sync signals 
with a simpler circuit than one described in an 
earlier Design Idea (EDN, May 26, pg 204); this 
circuit (figure) uses one 4013 dual flip flop and four 
passive components. IC,, serves as a one-shot whose 
output pulse is slightly longer than the width of a 
horizontal sync pulse. Initially, it’s reset and ready 
for triggering. When it’s triggered with a horizontal 
sync, Q goes HIGH and capacitor C starts to charge 
through R. When the voltage across C is sufficiently 


high, IC,, gets cleared and its Q output goes LOW, 
forward-biasing the diode and discharging C. 

IC,, is then ready for triggering again. At this 
time, Q goes HIGH and data gets clocked into ICj,. 
For horizontal pulses, this clock is always LOW, but 
during vertical sync, the D input of ICis3 is HIGH. 
Therefore, after the clock, the Q output of ICig goes 
HIGH. The first subsequent horizontal syne then 
resets ICip, and its Q output goes LOW again. 
Choose R and C so that the output pulse is about 1 
wsec longer than the horizontal-syne width. EDN 
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COMPOSITE , 
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COMPOSITE 
SYNC 


HOR SYNC 
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VERT SYNC y/ 
Qs 


A dual D flip flop separates vertical and horizontal sync pulses. 
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Transistor clipper provides flat-top output 


Rudy Stefenel 
San Jose, CA 


If you use the diode clipper shown in Fig 1a to clip a 
sine wave, you won't get a perfect flat-topped 


waveform because of the diode’s forward character- — 


istic. A simple transistor circuit (Fig 1b) does a much 
better job, however, because the transistor’s base 
gets its signals from the circuit input and output. 
You can understand the transistor circuit’s opera- 
tion by looking at the effect of each base signal 


separately. Fig 2a shows the circuit with the base 
signal coming only from the output—a configuration 
that provides the same result as Fig la’s diode 
clipper. Fig 2b, on the other hand, shows the circuit 
with the base signal coming only from the input. 
With this configuration, the output actually sags, 
because as the transistor’s base gets driven harder 
as a result of the input pulse’s rounded top, the 
collector saturates harder. 

The combination of the two base signals thus 
provides the flat-top characteristic. For different 
transistor types, the optimum resistor values might 
vary. 





Cate A 


INPUT 





OV 
(a) INPUT PULSE 





(b) INPUT PULSE 


1N914 


OUTPUT 





OUTPUT PULSE 








OUTPUT 
N3904 





QV 
OUTPUT PULSE 


Fig 1—A simple diode clipper (a) provides a signal with a rounded top when driven by a sine wave. Substituting a transistor whose 
base accepts two input signals (b) results in a flat-top characteristic. 








(a) INPUT PULSE 





(b) INPUT PULSE 


Ro 
















OUTPUT 0.6V 
2N3904 
OV 
OUTPUT PULSE 
0.6V 
OV 


OUTPUT PULSE 


Fig 2—Without the resistor from the input to the transistor base (a), Fig 1b’s circuit's action is the same as that of Fig 1a’s diode 
clipper. And with the resistor from the output to the base removed (b), a sag appears in the pulse’s center because the transistor is 


driven harder there. 
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your ISIS ‘and CP/M systems 
with emulation control software. 





Take advantage of symbolic 
debugging , 


Applied Microsystems just made 
microprocessor system debugging and 
integration faster and easier than ever before. 

A new software package, together with 
your ISIS or CP/M-based system provides 
direct control of an Applied Microsystems EM- 
Series emulator. 

This means symbolic definitions can be 
communicated to the emulator, eliminating 
the need to look up or recall absolute 
addresses of key locations. 


Emulators support entire families. 


New software packages are available for 
the EM-180B, EM-188 and EM-149 emulators, 
providing debugging and integration support 
for the following microprocessors and 
microcomputers: 


EM-180B: EM-188: EM-149: 
Z-80 8085A 8035 8748 
Z-80A 8085A-2 8039 8749 
Z-80B 8080A 8048 8040 
MK 3880 8080A-1 8049 8050 
MK 3880-4 8080A-2 






aici eo 
address Dak 


paacnine CYP 
Beg ek eee 


CP/M is a registered trademark of Digital Research Inc. 
ISIS is a trademark of Intel Corporation. 
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Find errors others miss. 


Analysis of your target system can be 
conducted faster when you link an Applied 
Microsystems emulator to your ISIS or CP/M- 
based system. 

Emulation is executed in real-time, 
without wait states. A memory mapping 
overlay RAM, trace memory, multiple 
breakpoints and built-in diagnostic tests let 
you verify and correct programs with ease. 


Operates in stand-alone mode, too. 


If people are queuing up to use the 
development system for software generation, 
just take the Applied Microsystems emulator 
to another bench and keep on working. The 
internal power supply, displays and keyboard 
make it a true stand-alone diagnostic 
emulator. 


Write or call today! 


See how Applied Microsystems can 
expand the capability of your ISIS or CP/M- 
based software development system. Fora 
product demonstration, or a copy of the new 
EM-Series catalog, contact Applied 
Microsystems at 5020 148th Ave. N.E., P.O. 
Box 568, Redmond, WA 98052. Phone (206) 
882-2000, or TOLL FREE 800-426-3925. 


MICROSYSTEMS 


Emulating for leaders in microprocessors. 
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INPUT PULSE 
a 5. 

INPUT 
OV 
ne Lig rs gy 
(a) INPUT PULSE 
——-p~--- 1.5V 


A these ey 
INPUT PULSE 





DIODE EQUIVALENT 









1N914 
OUTPUT 





OUTPUT PULSE 


PNP) ——— 0.6V 


OUTPUT 
OV 





cag ed ~0.6V 
OUTPUT PULSE 





OUTPUT PULSE 


Fig 3—Symmetrical action results when you add a complementary transistor to Fig 1b’s design (a). And adding a resistor (b) raises 


the complementary circuit's clipping level. 





Add one component—another transistor—to Fig 
1b’s circuit, and you have a symmetrical clipper, 
shown in Fig 3a along with its diode counterpart. 
And add another resistor, and you can raise the 
clipping-voltage level (Fig 3b). This latter circuit 
functions at levels into the tens of volts. However, at 


higher voltage levels, it’s more efficient to use zener 
diodes. EDN 


To Vote For This Design, Circle No 454 














Use a power amp to convert 12V to —5V 


Mitchell Lee 


National Semiconductor Corp, Santa Clara, CA 


Frequently you need a negative supply to power 
logic or memory chips but have only positive 
voltages available—in battery-operated systems, 
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automotive systems and remote devices fed by a 
cable or bus with one supply voltage, for example. 
The circuit shown in the figure provides such a 
negative voltage, delivering YeA at —5V from an 
input of 12 to 15V. 

The LM383 power amplifier forms a 1-kHz square- 
wave oscillator capable of driving 3.5A pk into the 
pumping capacitor, Ca. On positive half cycles, the 
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The story of three si 





Carbon trimmer 
... cheap, but not good enough 
for many applications. 


CTS Conductive Plastic Trimmers 





a 


may meet most of your single turn 
trimmer needs~—and save you up to 39%!* 


Now you have a third, far less 
costly choice in single turn trim- 
mers. CTS “Consertrim®” 10mm 
Conductive Plastic Series 268 
resistors are far ahead of carbon 
trimmers. And they offer only a 
bit less TC performance than the 
more expensive cermet trimmers. 
If you can use a typical TC of 
450 ppm/°C (a change of slightly 
more than 2% from 25°C to 70°C) 
in your trimmer applications— 
you may save as much as 39%. 
Take a close look at your specific 
trimming applications. You may 


These CTS features assure 
reliable performance: 


“Insert molded” UL-94 V-O parts. 
This exclusive CTS manufacturing 
process delivers a new standard of reli- 
ability in performance. Intermittency 
problems are eliminated. Each termin- 
ation is locked in place insuring 
mechanical integrity. 

Integral heat sink. Insert molded, 
the one piece center terminal and col- 
lector ring provides a heat sink beneath 
the element for superior load carrying 
capabilities. The |/3 watt power rating 
exceeds carbon trimmers, yet comes 
very close to cermet in power capability. 

And, naturally, CTS “Consertrim” 








Cermet trimmer 
...good, but costly. 





Often more performance than you need. 


i 





Color coded knobs indicate 
resistance values 

Series 268 10mm Conductive 
Plastic Trimmers are available 
from factory stock. Front/top or 
rear/ bottom adjustment. 


find that a high percentage really __ resistors offer superior board Value Color Value Color 
don't need a lower TC rating. wash characteristics. S000 Green 25KO Bick 
: Send for complete specifications on 
“Here's a cost comparison— these money saving Series 268 Conduc- IKQ Yellow —50KQ_ Orange 
(using average volume price) tive Plastic Trimmers. Write 2.5KQ Red lOOKQ = Gray 
Enclosed cermet trimmers 23¢ea. CTS Corporation, 1142 West 9KQ Blue  250KQ_ Violet 
Enclosed CTS Series 268 14¢ ea. Beardsley Ave., Elkhart, IN IOKQ White 500KQ Brown 
Savings: 39% 9¢ea. 46514. Phone: (219) 295-3575. 
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means Reliability 


CTS CORPORATION e ELKHART, INDIANA 














Series 110/115 34" dia. 
wirewound variable resistors 
Phone: (704) 684-6451 
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Series 470 13," linear 
motion slide control 
Phone: (512) 546-5184 
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Series 620 High voltage 
CERMIDE® variable resistor 
Phone: (219) 295-3575 
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Series 057-270 16mm potentio- 
meter/power switch combination 
Phone: (219) 295-3575 
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INPUT 


2 
12 to 15V 


200 nF 
07 1000 uF 
+ 


Ca 





200 nF 
Tie — 


2 x 1N4001 
100 nF 


OUTPUT 
O -5V@ 
—%A 





An LM383 power amplifier acts as a square-wave-oscillator charge pump, converting a 12V input into —5V at VA. 





amplifier’s output charges C, through D,; D2 is across Cg to —5V. Note that this circuit does not 
reverse biased and does not conduct. On negative require any inductors or resistors. EDN 
half cycles, however, the LM383’s output holds C,’s 

positive terminal at near-ground potential, forcing 

the negative terminal to dump charge into Cg To Vote For This Design, Circle No 455 
through D2. The LM320 regulates the voltage 








WHAT’S 

SINGLE OUTPUT, 
30WATTS 

AND UNDER 50 BUCKS? 


Our new SL30 Single Output Switcher. 


Actually, our new SL30 single output 
switchers run as low as $48 in 100 quan- 
tities. And just $41 for 500 quantities. But 
the best thing is that they’re Boschert 
switchers, incorporating leading edge 
switching technology to offer you the best 
price/performance ratio in the industry. 
They’re available, off-the-shelf, in 5V, 12V/ 
15V (adjustable) and 24V/28V (adjustable) 
models. All designed to meet U.L., CSA 
and VDE safety specs. 


lf you're looking for today’s best buy in 
power supplies, call your nearby Boschert 
distributor right now and ask him about the 
entire SL Series: Bell Industries, Compo- 
nents Unlimited, Future Electronics, 
Harvey Electronics, Marshall Industries 
and Pioneer Standard. 





BOSCHERT 
INCORPORATED 
384 Santa Trinita Ave. 
Sunnyvale, CA 94086 
(408) 732-2440 “*B0SChert 
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BRAIN CELLS. 
















| 


| 
| 


They're Gates Energy Cells. And they're limited Our Cells are now available in our basic 2V sizes, 
only by your imagination. ranging from 2.5 to 25Ah, for dozens of battery 
Our cells offer hundreds of recharges, greaterthan — configurations. Le : 
a 8 years life in float applications, and have superior Learn more about the cells imaginative engineers , 
storage life. Ee ae are using to make great products even better. 
That's why dozens of manufacturers have chosen — Write: Gates Energy Products, Inc., 1050 South 
Gates Energy Cells to power their products safely = = Broadway,P.O. Box 5887,Denver,CO 80217. 
and reliably. ! Phone (303) 744-4806. 





———,s§ GATES ENERGY | 


: : CIRCLE NO 59 | 


Circle our number on the reader service card. 














uC Design Techniques 


Sheila Thornton 
ADT Security Systems, New York, NY 


You can build 12- to 16-bit output ports for an 8-bit 
wP using less hardware than required in the design 
proposed in “Interface 12- and 16-bit DACs to an 
8-bit wC” (EDN, November 25, 1981, pg 168). And 
the design presented here employs the straightfor- 
ward technique of address latching to achieve a 
higher throughput rate. 

In the read/write timing diagram for the Z80 wP 
(Fig 1), you can see that if Data Stable time A is long 
enough to enable use of the negative WR transition 
for latching output data, you can latch the address 
outputs as well. (Time A is at least 30 msec, even for 
a Z80A running at 4 MHz.) You can thus use eight 
data lines and eight address lines to write any 
number to 64k to a peripheral in one write operation; 
you only need have available a block of 256 adjacent 
addresses. Moreover, if the block used is occupied by 
ROM, you needn’t sacrifice memory space or supply 
additional address-decoding circuitry. 

Fig 2 shows a 4-chip implementation of this 
approach for a Z80-based pC. Gates Ui, and Ujp 
keep the ROM disabled during writes to the ROM 
address, and gate Ujc supplies a positive clock pulse 
whose leading edge latches Uz, U3 and Uy. Fig 3 
contains the Z80 code that exploits this hardware to 
write the sequence 0 through 4095 to the output 

Continued on pg 164 





VALID ADDRESS 
PS OD SRT TS AE 


READ \ ie 
Do-D7 


WRITE | ws 


y A DATA OUT 
OPERATION lb ! ” ; 
YoU 7 


Fig 1—A_data-stable time long enough to permit use of a 
negative WR transition for output-data latching allows you to latch 
address outputs as well. 
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Put a 16-bit output port on an 8-bit pP 


ROM 
ADDRESS 
DECODING 


| 
“LS Low-TRUE 
SELECT PULSE 


CHIP 
SELECT 


ROM 


(ADDRESSES 
0000-00FF ,¢) 





Fig 2—You can implement a 16-bit port for an 8-bit Z80 P with 
only four additional ICs. 


ADDR CODE LABEL INSTRUCTION COMMENTS 


4400 3E00 LD A, 0 CLEAR A AND HL TO SERVE AS DATA 
4402 210000 LD HL, 0 AND ADDRESS REGISTERS FOR PORT 
4405 77 WRITE LD(HL), A ‘WRITE A TO ROM BASE ADDRESS +L 
4406 3C INCA A+1i-—A 

4407 20FC JRNZ, WRITE IF A#0, JUMP RELATIVE TO WRITE 
4409 2C INCL L+1—L 

440A  CB65 BIT 4,L NOT LA~—Z 

440C 28F7 JR Z, WRITE IF LATCH, JUMP RELATIVE TO WRITE 
440E Cg RET RETURN 


Fig 3—Capable of executing in 47.3 msec with a 2-MHz clock, 
this Z80 code writes numbers 0 through 4095 to an output port. 
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You have over 300 choices of standard 
solenoid designs available off-the-shelf 
from Ledex. But if none of those meet 
your unique requirements, you can use 
Ledex's exceptional ability to provide 
custom engineered prototypes. Either 
way, Ledex offers you the widest variety 
of solenoids for your design. 


Rotary, tubular and low-profile 
solenoids 
Ledex invented the rotary solenoid. 
Direct rotary action eliminates costly 
gears and linkages, and gives 100 
million or more cycles because it has 
superior shock and vibration resistance. 

Built-in cushions absorb impact and 
provide long life in the Ledex tubular 
solenoid. You can get long strokes, up 
to 1.85” either push or pull. 

Ledex low-profile linear solenoids 
give you high force, fast response and 
compact size. 


Proportional and stepping solenoids 
Ledex wet proportional solenoids can 


More Solenoid 





be attached directly to a valve spool, 
pump control mechanism, pressure 
regulator and other devices to control 
flow rate or pressure. 

Our dry proportional solenoid has 
been used to contro! a swash plate ina 
pumping application. 

Stepping solenoids can be used 
where high torque and low speeds are 
an advantage, as in positioning 
magnetic heads in disk drives. 


Specially designed solenoids 
Ledex technological leadership in 
solenoids is the successful solution of 
problems of high impact solenoids for 
printers; dot matrix printheads; 
bi-directional actuators; triple 





redundancy; high temperature; MIL and 
aerospace requirements; long life 
bearings; laser mirror drives; shutters 
and others. The benefit to you is 
competent assistance. 


Dependable delivery 

We understand tight delivery and will 
work closely with you to provide fast, 
off-the-shelf shioment of our standard 
solenoids or custom designed 
prototypes. 


For more information about the widest 
variety of solenoid solutions, both 
Standard and custom, write for your free 
Ledex catalogs today. 


Quality where it shows— 
reliability where it counts. 


Ledex Inc. 

P.O. Box 427 

Vandalia, Ohio 45377 U.S.A. 
Tel. 513-898-3621 





EDN SEPTEMBER 29, 1982 


CIRCLE NO 60 


161 











“> > 
owe 
eerste 

tor 
spear neR Te 


Oeal per em 
pene eh? gana vnnnen nan ten ee® mar 





anion oer aheeh o 





te 


once ny 





epiren eee 


PRR nn dy. MOA elie Na { ? I 
ili i eee 
is a eT ee 
Ne tn 

















oh colon qz1em- fale m-tellemaalcolelelam-Vehaaleldp4-(em BIt-1aal oleh cela) 











Encounter DIP 
Sockets of 
another kind. 





Now Ansley Electronics 
has you covered across the board. 





On it, off it, across it and board- 
to-board, Ansley Electronics is now 
your complete source for electronic 
interconnection. We’ve gone be- 
yond our innovative family of flat 
cable and IDC pro- J 
ducts, and developed Mt 
an extensive line of f 
premium quality, low 
profile screw-machine 
DIP Sockets: a full 
range of open frame, 
closed frame, solder 
pin and wrap post 
styles — all designed for optimum 
electrical and mechanical per- 
formance. 

For example, many of our open- 
frame sockets feature exclusive 
"X"" supports for greater strength 
and rigidity — and better visual 
access to the PC board. 

Available in 6 through 64 po- 
sitions, Ansley Electronics DIP 
Sockets offer precision screw- 
machined pins for high integrity, 
high reliability contact. Plus a mini- 
mum-profile body to maximize air 
flow and space between boards. 


Precision- 
aak-(od at iar-ve m eliar-) 
rs Soko) iahe-me) merelale-[eat 






Minimum-profile 


, X-supports 


They complete a family of DIP- 
compatible products unparalleled 
in the industry. Like our Remote 
DIP Socket Connector, which frees 
DIP switches, displays and ICs from 
PC boards. And our in- 
novative Stacked DIP 
Socket, accommoda- 
ting two DIP memory 
or discrete devices — 
one above the other-— 
to virtually double IC 
packaging density. 

The byword is com- 
mitment. Look to Ansley Elec- 
tronics as the complete across-the- 
board supplier for all your elec- 
tronic interconnection needs. 
For data on our new DIP Sockets, 
adaptor plug assemblies, terminal 
carriers and socket pins, write to- 
day. Thomas & Betts Corporation, 
Ansley Electronics Division, 920 
Route 202, Raritan, N.J. 08869. 
Or phone Customer Service at 


(201) 469-4000. 


TeS 


Ansley Electronics Division 


at-siabcelceriare 
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port. This code executes in 47.3 msec with a 2-MHz 
clock or 31.5 msec at 8 MHz (possible on a Z80A). 
With similar programming, you can use the latched 
address for tasks such as selecting an output channel 
from a DAC. 

With minor modifications, you can apply this 
technique to virtually any pP. For use with the 
650X, for example, the circuit must provide a 
latching signal because the Write transition on the 
R/W line occurs before the address and data outputs 
are established (Fig 4). 

By combining R/W with o: and adding capacitor 
Cp (Fig 5), you can delay the time at which LATCH 
reaches the flip flops’ triggering voltage to about 
0.25 psec past timing reference B. This method 
tolerates variations both in Cp and the data-setup 
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Fig 4—Modifying Fig 2’s circuit to suit 650X-P timing requires 
generation of a latching signal. 





ADDR CODE LABEL INSTRUCTION COMMENTS 

0200 D8 CLD SET HEX MODE 

0201 A900 LDA #0 CLEAR A AND X TO SERVE AS DATA 
0203. A200 LDX #0 AND ADDRESS REGISTERS FOR PORT 
0205 18 CLEAR CLC 0—C 

0206 9DO00F WRITE STA PORT, X WRITE ATO PROM BASE ADDRESS +X 
0209 6901 ADC #1 A+1—-A 

020B DOFY BNE WRITE IF A#0, BRANCH TO WRITE 

020D £8 INX X+1—X 

020E £010 CPX #10H CHECK IF X= 16D 

0210 DOFS3 BNE CLEAR IF NOT, BRANCH TO CLEAR 

0212 60 RTS RETURN 


Fig 6—Executing in 41.1 msec with a 1-MHz clock, this code 
runs on a 650X-\.P-based system, replacing Fig 3’s Z80 code. 


time (typically 150 nsec at 1 MHz). The rest of the 
design is similar to that for the Z80, using only a few 
gates in addition to the latches. The 650X code (Fig 
6) performs the same function as the Fig 3’s Z80 
code. Execution time equals 41.1 msec at 1 MHz. 
EDN 





NEXT TIME 


EDN’s October 13 issue will feature a Special 
Report on capacitors. Also look for design 
features on 


e How to deal with capacitor dielectric ab- 
sorption (Soakage) | 

¢ Howto select the Winchester disk drive that 
best suits your application 


Leading off the issue will be a Technology 
Update on optoelectronic ICs. And you won't 
want to miss our regular Design Ideas depart- 
ment, either. 
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Fig 5—Combining the R/W and o- signals of a 650X wP and employing capacitor Cp meets Fig 4’s timing requirements. 
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“Our instruments must be more - 
reliable than anything they test. 
li sta its with additive boards.’ 





ae Spe 
a 


J. W. Jaroszewski, Plant Manager, Dynascan Corporation 


“Our goal in manufacturing B&K-Precision test 
equipment is to make them all an order of mag- 
nitude more reliable than anything they test. 
Several years ago we traced a number of poten- 
tial reliability problems back to the soldering 
line where we had up to twenty different boards 
running at the same time. Photocircuits additive 
helped solve the problems. 

“As additive came in, touchup went down. 

“Because we had heard that additive boards 
enhanced solderability, we turned to Photocir- 
cuits Riverhead. We worked many Photocircuits 
additive boards into our product line. As they 
came in, touchup went down and reliability up. 

“Today, no matter how we optimize our flow 
solder process, we know that the additive boards 
will properly solder with a high degree of toler- 
ance to any process changes. 

“Additive means economical reliability. 

“Through use of microprocessors and large 


Photocircuits 


scale integration we are constantly packing more 
features into smaller, more portable units. The 
Photocircuits two-sided additive boards provide 
a highly reliable way to meet our design goals. 
They give the production economies and relia- 
bility we need in this highly competitive market. 


“Photocircuits plays a continuing part... 

“There's a fringe benefit in working with Photo- 
circuits Riverhead. There's always an inter- 
change with engineering before solidifying a 
new design. Our prototypes come in as fast as 
with a prototype house. And even though their 
plant is a thousand miles away, we ve had trouble- 
shooting help there within a day.’ 

Whether you make test equipment—or are 
among the tested—the ease of soldering, relia- 
bility and service that come with our additive 
boards can help. Write or call Photocircuits 
Riverhead, Riverhead, N.Y. 11931. Or call (516) 
722-4107. A Division of Kollmorgen Corporation. 





Industry’s largest additive capability 
CIRCLE NO 62 





uC Design Techniques 


Add |/O-port commands to 8085 monitors 


Frank Engelman | 
GE Medical Systems, Rancho Cordova, CA 


If you’ve ever written a PROM-based monitor 
routine for an 8080- or 8085-based system that 
includes I/O-mapped ports, you’ve undoubtedly en- 
countered difficulty providing user selection of those 
ports. The problem arises because these Ps require 
that the port number be coded in the memory byte 
immediately following the IN or OUT instruction. 
With PROM, this requirement prevents changing 
the port number. 

One way to solve this problem is to use the “not 
recommended” technique of self-modifying code. 
Basically, you provide room in RAM for a modifiable 
subroutine that you call from your main program in 

PROM. The main program constructs the RAM 


G0) 15) ©) (ate el ar-ie)| 18% 
in a Precision Kilovolt 
Metering System. 
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INPORT: ODBH 
(port#) 
OC9H 


H,INPORT ;POINT AT RAM 
M,ODBH WRITE “IN”? INST 
H ;NEXT LOCATION 
M,A ;WRITE PORT # 

H 
M,0C9H 
INPORT 


WRITE “RET” INS 
;EXECUTE INPUT 


Self-modifying code permits user selection of I/O ports for 8080 
or 8085 Ps. 


routine by writing an IN or OUT instruction, the 
port number and a RETURN (figure). An even 
simpler approach leaves the instructions in place and 
changes only the port number. EDN 
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PCB’s and photos of PBX and transaction terminal courtesy of American Telecom, Inc. and DMC Systems, Inc. 


One chip does it! 


In Touch-lone applicat 


The SSI 201 is the industry’s 
choice. 

The SSI 201 DTMF Receiver has 
become the industry standard one- 
chip solution for Touch-Tone 
detection—used in everything from 
simple key systems to complex 
PBX’s. It is especially useful in 
transaction terminal applications, 
like phone banking, or wherever 
phones or Touch-Tone pads are 
used as computer peripherals. 


SSi puts it all on one chip 

in a new low-priced package. 
The efficient design of the SSI 201— 
with its completely integrated 
switched capacitor filters and com- 


bined analog and digital functions— 


eliminates the need for bandsplit 
filtering. You just hook it up to a 
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crystal and two bypass capacitors, 
and you’re operational. It comes 
to you field-proven with a three- 
year production history behind it. 
And for the same performance 

at a lower price, ask about our 
new SSI 201D which comes in 

an inexpensive 22-pin CERDIP 
package. 


Find out more. Let us quote 
price and delivery. 

For SSI 201 product or application 
information, use the reader service 
number, the adjacent coupon, or 
your phone. If this is the chip 
you’ve been looking for, let us 
quote price and delivery. If it isn’t, 
let us build the custom chip that 
you need. 


®Touch-Tone is a registered trademark of AT&T. 
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O Please call me. Ga 

0 Please send me the latest product 
and application information on 
your SSI 201. 

O Please send me a copy of your 
“Custom Integrated Circuits” 
brochure. 

If you’re in a hurry, call Marketing: 
(714) 731-7110, Ext. 130. 


L 





Name 

Company 

Address 

State 


City 


Phone 


= Silicon systems 


incorporated 
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DEFINITION: LOCAL AREA NETWORK CONTROLLER. 
SMC’S COM 9026—THE FIRST COMMERCIALLY 


AVAILABLE SINGLE-CHIP LOCAL AREA 
NETWORK CONTROLLER. 


What company would you expect to 
lead the way with something no one 
else in the semiconductor industry 
offers: a VLSI circuit controller for a 
local network that replaces over 100 
SSI/MSI circuits with just one chip? 


Standard Microsystems, of course. 


Our COM 9026 Local Area 
Network Controller is the first com- 
mercially available MOS/VLSI circuit 
for local networks. 

It’s a complete protocol handler 
for token-passing systems such as 
the ARCNET system used by Data- 
point, Tandy and others. 

The COM 9026 supports a self- 
polling token passing network oper- 
ating at 2.5M Baud data rate. It 
avoids the fluctuating channel access 
times caused by data collisions in 
CSMA (Carrier-Sense Multiple- 
Access) schemes. The COM 9026 
also contains a micro-programmed 
sequencer and all the logic needed 











to follow the token passing on the 
network and send or receive data 
packets at the appropriate time. 

Other functions include address 
decode, CRC checking and genera- 
tion and packet acknowledgement 
and support of up to four 508 byte 
buffers. 

The COM 9026 is a high-density 
n-channel silicon gate MOS circuit 
fabricated with SMC’s COPLAMOS® 
technology. It’s packaged in a 40 
lead ceramic dual-in-line package 
and is immediately available in 
production quantities on an 
off-the-shelf basis. 

For information on the COM 
9026, contact Standard Microsystems 
Corporation, 35 Marcus Boulevard, 
Hauppauge, NY 11788. 


(516) 273-3100. a 





STANDARD MICROSYSTEMS. 
THE ONE TO WATCH. 





CRT, MAGNETIC AND DATA COMMUNICATIONS CONTROLLER CIRCUITS. 
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CMOS chopper-stabilized op amp 
also provides low noise specs 


Thanks to a redesigned FET 
input stage and other design 
modifications, the ICL7652 mon- 
olithic precision CMOS op amp 
achieves an input noise voltage 
of only 700 nV p-p typ from 0 to 
10 Hz and just 200 nV p-p from 0 
to 1 Hz. 

Brother to its manufacturer’s 
ICL7650 (EDN, April 15, 1981, 
pg 50), the 7652 sacrifices some 
of the former device’s slew rate 
(decreased from 2.5 to 0.5V/ 
usec) and bandwidth (from 2 
MHz to 450 kHz) but gains a 
larger common-mode voltage 
range: —4.8 to +3.5V. The 
manufacturer notes that in 
applications for which it’s in- 
tended, such as thermocouples, 
strain gauges and pH meters, de 
performance is the main criteri- 
on. And in that area, the 7652 
matches its relative. 


High precision 

Typical input specs include 
+0.7-uwV offset voltage at 25°C 
(+1 pV over temperature). 
Offset drift with temperature 
measures 0.01 pV/°C, and drift 
with time equals 100 nV/ 
Vmonth. The device’s larger 
FET inputs raise the input-bias- 
current spec to 25 pA with a 
5-pA offset current. 

Internally compensated for 
unity gain, the 7652 features 
gain, CMRR and PSRR of more 
than 120 dB, +4.7V min 
output-voltage swing and a 4.5 
to 16V supply-voltage range. 
With nominal +5V supplies, it 
consumes just 35 mW. 

The op amp incorporates a 
main and a nulling amplifier, an 
on-board clock oscillator, over- 
load-recovery clamp circuit and 
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Bringing low-noise performance to high-precision devices, the /CL7652 
CMOS chopper-stabilized op amp features a 700-nV p-p input noise voltage 
from 0 to 10 Hz (200 nV p-p from 0 to 1 Hz). Precision is maintained via a 
+0.7-V offset voltage with a temperature drift of 0.01 .V/°C and long-term drift 
of 100 nV/V month. 





intermodulation - compensation 
network. The main amplifier 
always connects from input to 
output, while the nulling ampli- 
fier, under control of the 
chopping-frequency oscillator, 
alternately nulls itself and the 
main amplifier. 

Careful balancing of the input 
switches minimizes chopper- 
frequency charge injection at 
the input terminals and 
feedforward-type injection into 
the compensation capacitor— 
the main cause of output spikes 
in this type of circuit. 

Intermodulation effects are 
substantially reduced by feeding 
the nulling circuit a dynamic 
current that cancels that portion 


of the input signal deriving from 
finite ac gain. This action keeps 
the open-loop phase shift to less 
than 10° at chopper frequency. 

The device’s output-clamp pin 
reduces overload-recovery time 
by cutting the gain just before 
maximum output. 

The ICL7652 comes in 8- and 
14-pin plastic DIPs, an 8&8-pin 
TO-99 and a 14-pin Cerdip. 
Available temperature ranges 
include 0 to 70, —20 to+85 and 
—55 to +125°C. $4.50 (100) in 
plastic. 

Intersil Inc, 10710 N Tantau 
Ave, Cupertino, CA 95014. 
Phone (408) 996-5000. 
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Do your designs 
reflect the 

latest thinking 
in IC usage? 


Be sure. 





Northern California (Sunnyvale Sheraton) 
Nov. 15-16, 1982. Linear Integrated Circuits 
Nov. 17-19, 1982. Gate Arrays/Custom/Semi-Custom 


Not every engineer needs to be aware of the latest 
semiconductor devices (microprocessors, linear ICs, 
semi-custom chips, LSI). But if you’re one of the 
engineers responsible for new equipment or system 
design at your company, these conferences could be 
very important to you. Every talk in the program is 
presented by anIC manufacturer; each talk concerns 
a new IC and ways to use it to improve existing 
designs. 


System designs often have short lifetimes. For your 
next design to reflect the latest concepts in applying 


integrated circuits, plan to attend each program in this 
conference series. Individual conferences on gate 
arrays/custom/semi-custom ICs, microprocessor/di- 
gital devices, and linear ICs will comprise the series of 
programs known as “PRACTICAL DESIGN WITH 
INTEGRATED CIRCUITS.” 


Each attendee receives a comprehensive proceedings, 
the latest handbooks, application notes, manuals and 
other technical literature. All conference talks are new 
and previously unpublished. 





Practical Design with 
New Linear Integrated Circuits 


November 15-16, 1982, Sunnyvale Sheraton 


Virtually every important new linear integrated circuit will be 
described at this conference by applications engineers from 
Advanced Micro Devices, Exar, Harris, Motorola Semiconduc- 
tor, Precision Monolithics, National Semiconductor, Raytheon, 
RCA, Signetics, Siliconix, Sprague, TRW, Texas Instruments 
and other IC manufacturers. Be there as analog switches, op 
amps, voltage regulators, analog-to-digital converters, signal 


conditioners, multiplexers, DACs and other linear ICs are 
introduced and ways to apply them are explained. 

Many talks are accompanied by typical design examples to 
illustrate application techniques. Attention is also given to 
interfacing, testing and power supply considerations. All de- 
vices covered in the program are commercially available for 
immediate use. 





Practical Design with 
Gate Arrays/Custom/Semi-Custom ICs 





November 17-19, 1982, Sunnyvale Sheraton 


At longlast, gate arrays and other custom/semi-custom 
integrated circuits are feasible from every viewpoint 
--technological, economical, turnaround time, etc. The 
question facing many designers is not if they should go 
custom, but rather, which of the various gate array or 
other custom/semi-custom approaches should they 
take. Most qualified to supply answers are the leading 
manufacturers of these integrated circuits. 


Gate Arrays Are “Standard” Components 
Today, engineers shouldn’t overlook gate arrays just 
because they aren’t currently designing high-com- 
plexity systems. Gate arrays are being employed in 
applications ranging from arcade games to computer 
mainframes. 


At this conference, leading suppliers of gate arrays and 
custom products help you determine the feasibility of 
various approaches for your application, they relate 
performance to products as well as technologies, and 
they guide you through design examples. 


Typical case histories are presented with emphasis on 
step-by-step design, advantages, constraints, options 
and trade-offs. Talks cover mainstream and special- 
technology gate arrays, cell function libraries, customer 
owned tooling, selecting a silicon foundry, cost as a 
function of volume, specification formats, testing, 
automated design, software support and how to get 
started. 


For a complete conference program, call f Registration Form 
or mail the coupon without delay. If you z Practical Design Conference 
can't attend in person, call for information Jj P. O. Box 1021 
concerning purchase of proceedings. i Melville, NY 11747 
(516) 367-4394 C Please send conference program. 
g C2) Please register me for Practical Design With Linear Integrated Circuits 
Mon-Tues. Fee: $170 | 
A 0 Please register me for “Practical Design With Gate Arrays, Custom 
and Semi-Custom Integrated Circuits” Wed-Fri. Fee: $195 
E Pais ee ee Ftle 
E Company 
E Sign. SSS (es ce ee ee aaee Se ER Per REM aneaiie Sea Ure oencge ies ores 
E Oa State ep 
: C1) Check enclosed 1) Will pay at door 
Brought to You by EDN Magazine : Make check payable to Practical Design Conferences 
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Feature Products 


Multiuser logic-design system 





supports structured project development 


A 4-station computer-aided 
hardware-design tool, the 
SCALD (structured computer- 
aided logic design) system 
supports schematic-entry and 
documentation tasks and con- 
trols interactive simulation and 
timing-verification routines. Its 
workstation-based graphics edi- 
tor, component libraries, work- 
station- or host - based de- 
sign compiler and schematic 
post-processor let you develop 
complex circuits hierarchically, 
beginning with fundamental 
function definitions and expand- 
ing each major circuit block one 
level at a time until you’ve 
described the design in terms of 
actual circuit elements. 

A 68000-yP-based cluster con- 
troller that runs under Bell 
Labs’s UNIX forms the SCALD 
system’s heart. The processor 
includes 1M bytes of error- 
correcting RAM, a 383M-byte 
Winchester disk drive and a 
¥2-in., 1600-bpi streaming tape 
drive. Standard RAM supports 
one remote workstation; each 
additional terminal requires a 
512k-byte RAM expansion. 

Available communication in- 
terfaces include 800-bps VAX-11 
and 56k-baud IBM 370 ports for 
running host-based software, as 
well as VT-100 and IBM 3277 
emulators for electronic mail 
and custom software. 

Each SCALD workstation 
features an 8086 central proces- 
sor, a 20-in., 4-intensity-level 
raster display, a detachable 
keyboard and a data tablet. 
Workstations connect to the 
cluster controller through a 
high-speed serial link and can 
operate 500 ft from the CPU. 

To verify circuit operation 
during all design-cycle phases, 





Embodying a hierarchical design 


philosophy, the SCALD system lets you develop 





logic circuits in a top-down manner. One SCALD processor supports as many as four 
graphics workstations; optional software performs design compilation and analysis. 


optional SCALD software sup- 
ports timing analysis and func- 
tional simulation. The timing 
verifier checks for switching 
problems such as race condi- 
tions, setup and hold violations, 
glitches and pulse-width errors, 
isolating potential faults at early 
design stages. It performs an 
absolute - value - independent 
analysis, observing system op- 
eration over a range of rise and 
fall times, propagation delays 
and output conditions. 

To ensure that final designs 
don’t need tight component 
tolerances, the verification rou- 
tine checks circuit activity using 
a variety of permutations result- 
ing from combinations of mini- 
mum and maximum specs. 

To complement the timing 
analyzer, the SCALD logic 


simulator provides high-speed 
interactive analyses of circuit 
operation on a _ cycle-by-cycle 
basis. Because the simulator 
assumes proper logic timing and 
observes circuit activity in a 
series-parallel manner, you can 
debug complex systems without 
consuming excessive amounts of 
processor time. Fast analysis 
allows you to debug microcoded 
firmware or software as well as 
simple combinatorial circuits. 
To simplify schematic entry, 
SCALD component libraries 
contain graphical, simulation 
and physical data for standard 
TTL, STIL, LSTTL, 10K and 
100K ECL and MOS memories. 
In addition, you can combine 
multiple devices to form a 


graphical representation of wide 


parallel buffers and bus compo- 
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nents as single blocks. A 
post-processor routine converts 
the SCALD graphical database 
into a _ user-definable output 
format for use with remote 
physical CAD systems or other 
automated design tools. 
Entry-level system, $67,500 


including cluster controller, one 
workstation, UNIX operating 
system and graphics editor; 
typical 4-station system, 
$138,000; device-library soft- 
ware, $7500 per component 
family. Optional analysis tools: 
SCALD compiler, $7500; post- 


Feature Products 


processor, $15,000; timing veri- 
fier and simulator, $45,000 each. 
Communications interfaces, 
$2200 to $3750. 

Valid Logic Systems Inc, 650 
N Mary Ave, Sunnyvale, CA 
94086. Phone (408) 773-1300. 

Circle No 457 


8- or 16-channel screw-terminal panels 
condition analog signals for system buses 


With their associated multiplex- 
er-A/D-converter boards, the 
1300/RTD and 1300/BDG screw- 
terminal panels interface low- 
level analog signals to LSI-11 
and TM990 computer buses and 
to the Multibus. Both panels 
contain active components that 
provide input signal condition- 
ing between their clamp-type 
screw terminals and mating- 
board cables. 

Requiring an external +15V 
supply for operation, the 1300/ 
RTD panel interfaces and pow- 
ers 1000 3-wire platinum resis- 
tance temperature detectors 
(RTDs) used in data-acquisition 
systems. It acts as the RTD’s 
bridge-completion, linearization 
and excitation unit. Four screw 
terminals secure the RTD’s 
three active wires and shielded 
common ground. 

The 1300/RTD senses the 
RTD’s resistance change over 
temperature with the RTD 
connected as the external arm of 
a 4-arm bridge circuit. A built-in 
10V reference source serves as 
the bridge excitation supply, 
and an adjustable amplifier 
compensates for bridge and 
RTD nonlinearity. Two other 
trimmers control the bridge’s 
offset and reference voltages. 

Handling eight or 16 RTDs 
(channels), the 1300/RTD pro- 
vides 200-mV nominal full-scale 








Featuring eight or 16 input channels, the 7 300/RTD and 1300/BDG screw-terminal 


panels process low-level analog signals (from RTDs and strain gauges, respectively) 
for delivery to the Multibus or the TM990 or LSI-11 computer bus via flat cable and an 


integral multiplexer-A/D-converter board. 


outputs over 200°C. Connected 
via a 6-ft, 50-conductor shielded 
flat ribbon cable, these outputs 
get multiplexed and digitized by 
the 1112 or 1113 Series boards 
for the LSI-11 bus, 710 Series 
boards for the Multibus and 410 
boards for the TM990 bus. 
Similar to the 1300/RTD, the 
1300/BDG panel serves as a 
bridge-completion and lineariza- 
tion unit for 3500 strain gauges 
and load cells. Key differences 


from the RTD panel include 
direct bridge excitation from the 
10V_ reference, 3500 bridge 
resistors and 30-mV FS outputs. 

Both 19x1.75-in. panels come 
in single or dual widths with one 
or two 8-channel terminal 
blocks. 1300/RTD, $595; 1300/ 
BDG, $540. 

ADAC Corp, 70 Tower Office 
Park, Woburn, MA 01801. 
Phone (617) 935-6668. 

Circle No 458 
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Feature Products 


Data-acquisition/control instrument 
features HP-IL compatibility 


Within its mainframe, the 
battery - powered Model 
HP3421A includes a scanner, an 
A/D converter, a frequency 
counter, a display and HP-IL 
interface circuitry that allows 
you to control it with any 
HP-IL-compatible device (eg, 
HP-41CV_ handheld calculator, 
HP-85 desktop computer). And 
an IK KE-488 option lets you use 
a more sophisticated computer 
for control. 

The 3421A scans 30 channels 
(denoting closures via a front- 
panel LCD) and measures ac 
and de voltage, 2- and 4-wire 
resistance, frequency, and tem- 
perature. Thermocouple com- 
pensation is built in, and Power 
Down mode, enabled by an 
HP-41C controller command, 
can extend battery life from 10 
hrs to more than a_ month. 

The internal A/D converter 
achieves 1-wV sensitivity. Al- 
though basie converter resolu- 
tion equals 5¥2 digits, you can 
program 4¥2- or 3¥2-digit opera- 
tion to increase reading rate. 





Building on the processing 
power of the 16-bit 8086 wP and 
its 8087 numeric coprocessor, 
the CS-3 system uses proprie- 
tary imaging firmware to create 
and manipulate 2- and 3- 
dimensional vector drawings. 
Built-in routines provide graph- 
ics functions that you can call up 
from FORTRAN, BASIC, PAS- 
CAL, C and 8086-assembler 
applications programs. 
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Color-graphics system 
works in three dimensions 








A low-cost data-acquisition and con- 
trol system results when you control the 
HP-IL-compatible Model HP3421A with 
the HP-41CV handheld calculator. 


The ADC requires no adjust- 
ments: All calibration constants 
are stored in a CMOS RAM and 
protected by a 10-yr lithium 
battery. 

You can add optional features 
by installing plug-in cards. 
Option 020, for example, is a 
10-channel multiplexer; you can 
configure two of its channels as 
actuators with a 2A/250V ac 
switching capability. The main- 
frame accommodates three such 
cards. 

In addition, you can use 
Option 040, a breadboard card, 
to add signal conditioning or 


Once the outlines are drawn, 
you can select such object 
properties as coloring, smooth 
shading, antialiasing (to 
straighten diagonal lines) and 
hidden-line and -surface remov- 


al. You can choose any combina- 


tion of 4096 colors from a palette 
of 16 million. 

Further, you can rotate, scale 
or reposition the image for 
proper orientation and even 





gain access to the mainframe’s 
backplane. And Option 050, a 
digital-I/O card, furnishes eight 
individually isolated bits of input 
or output. A digital-trigger 
command operates through this 
I/O board; when the 3421A 
senses the correct trigger word, 
it performs a complete scan and 
provides a record of the input 
conditions at the time the 


trigger occurred, all without 


controller intervention. 

When you use the -41CV 
calculator for control, a special 
ROM and overlay panel for the 
calculator extend the 3421A’s 


‘versatility by adding functions 


such as thermistor and RTD 
linearization. The 3421A in- 
cludes linearization capability 
for Type T thermocouples, but 
other types (J, K, E, R and S) 
need the linearization routine in 
the -41CV control ROM. $1300 

for basic mainframe. 
Hewlett-Packard Co, 1820 
Embarcadero Rd, Palo Alto, 
CA 94303. Phone local office. 
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change the viewpoint and light 
source. And when you discover 
which object drawings you are 
using repeatedly, you can create 
image data macros that build an 
image for you. 

The system comes with a 
95-key detachable keyboard; 
input-device options include a 
data tablet, light pen and 
joystick. To integrate the CS-3 
with other imaging systems, 








After 30 years in the market 
place. One of the lessons 
we've learned well is, that 
things never stay the same. 


Here at Grand Transformers 
we feel that to stay in the game 
you have to be current and com- 
petitive. Those are just two of 
the reasons for having opened 
our Specialty Magnetics Divi- 
sion two years ago. 


The Division produces 
state-of-the-art high frequency/ 
high technology inductive com- 
ponents. Transformers and 
chokes for high tre- 
quency switching 
power supplies, 
for example. Al- 
so, coils and 
pulse transform- 
ers for electroni 
circuits, ferrite 
ponents on E-cores, E.C-cores, 
pot-cores and slug cores, as 
well as bobbin wound trans- 
formers. There's more, of 
course. If required, our prod- 
ucts can conform to CSA, VDE 
and UL specifications. 








Depend on Grand ‘Trans- 
formers to keep you in the ball 
game. Call us at: (616) 842-5430, 
or write, Grand Transformers, 
Inc., 1500 Marion, Grand Haven, 
MI 49417. We won't throw you 
any curves. 





TRANSFORMERS INCORPORATED 
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you can choose an_ optional 
Ethernet interface and a soft- 
ware preprocessor that lets the 
CS-3 emulate other terminals 
such as the Tektronix 4014. 

-_ The CPU and memory come 
in a 12-slot Multibus.- card 
cage—seven slots accommodate 
optional equipment. The system 
includes 128k bytes of scratch- 
pad, expandable to 512k. 

The CS-3 uses a 512x512 
color raster-scan display genera- 
tor with 12-bit/pixel resolution 
to display images on a 20-in. 
RGB-type color monitor. The 
system can store two indepen- 
dent planes of an image, 
allowing you to modify one plane 
while viewing the other. 

You can configure the system 


NEXT TIME 


EDN’s October 13 issue will feature a Special 
Report on capacitors. Also look for design 


features on 


Feature Products 


/ 


__~—S—se 
_. 

Featuring 3-dimensional imaging capability, the CS-3 system can function as an 

intelligent color-graphics terminal for time sharing and distributed processing. 


as a highly intelligent color- 
graphics terminal for time- 
sharing and_ distributed- 
processing applications. Add an 
optional dual 8-in. floppy-disk 
subsystem or a memory subsys- 
tem that combines an 8-in. 
floppy and a 10M-byte hard disk 
and you have a _ stand-alone 
computer-graphics system that 
uses CP/M-86. 

In either case, the system 
provides an RS-232C interface 
that runs at 19.2k baud and two 
auxiliary serial ports for tying 
into other hardware. Stand- 
alone system, from $9980. 

Cubic Systems, 2215 
Spaulding Ave, Berkeley, CA 
94703. Phone (415) 540-5733. 
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e How to deal with capacitor dielectric ab- 


sorption (Soakage) 


e How to choose among the sometimes con- 
fusing array of waveform-digitizer products. 


Leading off the issue will be a Technology 
Update on optoelectronic ICs. And you won’t 
want to miss our regular Design Ideas depart- 


ment, either. 
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RCA says “A board in the hand 





Is worth two in the bush” 


Why wait for National? 
RCA has over 70 Micro- 
boards right now. Ata 
fraction of the price. 


Lately, National Semiconductor has 
been making a lot of noise about their line 
of CMOS board-level products. But con- 
sider these facts: 

RCA introduced the first CMOS 
Microboards in 1979. 

Today, we offer more than 70 proven 
Microboard products including compu- 
ter boards based on the world’s best- 
selling CMOS microprocessor series, 
the RCA 1800; development systems 
priced as low as $699": and the indus- 
try's most versatile industrial chassis line. 

National offers only 13 products. 

Delivery? Off-the-shelf from RCA 
distributors. 

Furthermore, our Microboards speak 
your language, whether it’s BASIC 1, 2 
or 3, Micro Concurrent PASCAL ** 
PLM-1800 or MACROASSEMBLER. 


*Optional U.S. distributor resale. Prices are f.0.b. New York. ** 
















National Semiconductor System 
Board Pricet 


CIM-802 CPU, 2.0 MHZ 
Memory, PIO 


















CIM-201 UART-2 required ..... 716 
CIM-411 12 Bit A/D 

(No 8-Bit Available)......... 952 
CIM-311 Power I/O Interface 

(requires DIB board)........ 394 
CIM-230 DIB Interface ........ 286 
CIM-602 8-Card Chassis ...... 295 
CIM-610 Voltage Regulator 

(only supply available) ...... 952 






+ NSC OEM Resale Schedule. June 7. 1982. $4,141 


But here's the true acid test. If you 
want a CMOS microcomputer system 
with these functions: 

e 8-Bit Microprocessor @ 2 Serial 
I/O Lines @ 8-BitA/D e Interfaceto 
24OPTO 22 Modules @ Chassis and 
Power Supply. 

The bottom line is, RCA has the 
lower system cost. 

The RCA system takes up less 
Space (4 boards vs. 6) and is one-fourth 
the price. Compare your own system 





Tradename of Enertec, Inc. RCA Solid State headquarters: Somerville, NJ. Paris. London. Hamburg. Sao Paulo. Hong Kong. 


0715101 8 a Lek y, 





RCA Microboard System 


CDP18S602 CPU,2.5 MHZ 
Memory, PIO, UART 


CDP18S641 UART 
CDP18S658 8-Bit A/D 
CDP18S662 PIO OPTO 22 


Interface 


and see for yourself. 

So if you're ready to get onthe CMOS 
bandwagon, talk to the people who 
invented CMOS and whose Micro- 
boards can be found in thousands of 
systems at work solving real-world 
problems. 

Send for our new comprehensive 
product line guide and price list. 

Contact any RCA Solid State sales 
office, representative or distributor. 

Or call (800) 526-3862. 








How to get more 







For nearly twenty 
years Digital has been 
helping OEMs get more 
out of computer systems. 

Now were doing it 
with micros. And we're 
doing it the same way we 
always have. By offering more. 

Our 16-bit PDP-11 architec- 
ture is the basis for all our microproces- 
sors, single board computers and other 
LSI-11 micro products. And it is by far the 
most experienced, most developed, and 
most complete architecture in micros today. 


An investment you can build on. 

Since all our micros are compatible, 
you can reduce your hardware and soft- 
ware development costs considerably. — 
Because you'll never have to start your 
development from scratch. You can just 
keep building on your experience with each 
new product you design. 

You can also take advantage of the 
vast amount o software that’s available 
from third-party ven- 
dors, large end-users, 
and Digital itself. 

In addition, you 
can work with sophisti- 
cated development tools 
to shorten your time to 
market. And you won't 
| have to worry about 
finding programmers, 
because the PDP-11 
architecture is 





gital’s Falcon: the smallest 
16-bit SBC on the market. 
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one of the most widely used com- 
puter architectures in the world 
today. 


More to choose from. 
Digital offers you every level of 

integration of 16-bit microcomputers. 
From our new MICRO/J-11 and 

MICRO/T11 chips, to the Falcon SBC 

and LSI-11/23, to the Winchester-based 

MICRO/PDP-11 system. Plus a huge range 

of boards and sper to go with them. 






The MICRO/PDP-11 
high- “performance : system 
for under $10,000.* 


So we can honestly give you make/ 
buy advice, without trying to sell you one 
approach over another. 


Better system performance. 

Since we're the only major computer 
company that is also a major micro com- 
pany, we can provide something other 
companies can't match: total system 
performance. 

Like the minicomputer power you 
get from our RSX-11M-PLUS and the 
highly optimized code that’s produced by 
our languages such as FORTRAN IV, 
COBOL, DIBOL, BASIC, and many others. 


*U.S. Prices Only 
EDN SEPTEMBER 29, 1982 


froma micro. 


And recently we introduced the revo- 
lutionary MicroPower/Pascal, a software 
tool-kit that helps you merge your pascal 
application with MicroPower's modular 
operating system and LSI-11 hardware 
into one high-performance engine. In fact, 
benchmarks show that our LSI-11 hardware 
— MicroPower/Pascal applications 
outperforms hardware and software of- 
fered by other lead- 
Sas colors eoradeae 

— For results of these 
benchmarks check 
the box in the 


7 Tie 





= coupon.) 
Design your own operating Support that’s 
system with MicroPower! Pascal. tail 

ored for OEMs. 


Digital's service and support program 
is unequalled in micros. And it’s tailored 
just for OEMs. 

We offer a Module Mailer service for 
mail-in repair or replacement. 

More than a dozen training centers 
on all continents. 

On-site service at your location, or at 
your customer's site. 

And a wide variety of self-maintenance 
programs, with a technical hotline to help 
you out. 

Plus one more thing you can find only 
at Digital. A thorough understanding of 
what you need to make micros work in a 
system. 

Because, after all, that’s what we’ve 
been doing ourselves for nearly 20 years. 

To learn more about what you can get 
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from Digital’s micros, just send in the 
coupon. 

Or call 800-225-9222 and 
ask for information pack- __. 
age ED-06. In MA, HI, 
AK and Canada call 
(617) 568-5707. Or simply 
contact your Digital 
Authorized Industrial 
Distributor. 






Our new micro chips reflect 
20 years of systems experience. 


Send to: Digital Equipment Corporation, 
Technical Volume Group, HL02-1/E10, 
77 Reed Road, Hudson, MA 01749. 


L] Please send me more information about Digital's 
micros. 

L] Please send me benchmark information on the 
performance of Digital’s micros. 

L] Please have a Digital Sales Representative contact me. 


My application is 
Name 

Title 

Company 

Street 


City State Zip 


| More than 
——-a micro." 


Phone 


a ees ee 
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New PC board relay 
from P&B 
switches up to 16 amps. 


RK series relays from Potter & Brumfield switch loads up to 
16 amps in a package occupying only about 0.6 cubic inch of 
space. These printed circuit board relays have 8mm spacing for 
4,000 volt rms minim m breakdown between coil and contacts. 
_ Both insulation a are designed to meet VDE 0631, 
) and 10 amp contacts are 

also available. 
rized P&B distributors 
ock many types of 
RK relays. 
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ANALOG MULTIPLEXERS. Pin compatible with the 
508/509 MUXs, MP7508DI and MP7509D! dielectri- 
cally isolated CMOS devices provide 8-channel 
single-ended and 4-channel differential operation, 
respectively. Featuring overvoltage protection and 
direct TTL/CMOS interfacing, they come in a plastic 
DIP (0 to 70°C) or Cerdip (—25 to + 85°C and —55 to 
+ 125°C) or in chip form. -883B processing is also 
available. $6.75 (100). Micro Power Systems Inc, 
3100 Alfred St, Santa Clara, CA 95050. Phone (408) 
727-5350. 
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PWM CONTROLLERS. Designed for driving 
MOSFETs and bipolar transistors in switching 
power supplies, PWM25 and PWM27 pulse-width 
modulators require only three external components. 
They contain the error amplifier, flip flop, oscillator, 
PWM and voltage regulator needed for controlling 
drive-signal frequency and pulse width. Each device 
provides two +100-mA outputs: OFF state LOW 
(PWM25) or OFF state HIGH (PWM27). You can 
adjust dead time by connecting a resistor between 
two pins, and you can obtain drive frequencies to 
400 kHz by choosing an external resistor and 
Capacitor. The internal regulator maintains 5V+10 
mV over the full input range of 8 to 35V; this 5V is 
also available for external loads to 20 mA. Housed 
in a 16-pin ceramic DIP, the devices operate over 
—25 to +125°C. $5.99 (100). Siliconix Inc, 2201 
Laurelwood Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 290 


Snap-in circuit 
protection. 


W28 series circuit breakers from Potter & Brumfield snap into 

standard %" panel cutouts. They occupy about the same amount 

of space as a fuseholder, but unlike fuses, W28s can be reset 

by merely pushing a button. Available in ratings from 0.25 

rough 1 ams, these breakers are offered ina variety of bezel 
colors. UL niz 




















O Richland Creek 
Drive, Princeton, 
_ Indiana 47671. 
812/386-1000. 


_ P&B performance. 
Nothing else comes close. 


AME 


Potter&Brumfield 


Potten enue 
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Are You a Current Battery Expert? 
Try this Designer’s Quiz 


Normally, Globe Battery Division is 
the leader in battery answers. In 
this case, we'll lead with some 
questions. See how you fare with 
this battery quiz. 

Question 1—True or False: 

When comparing two batteries 
of identical volumes but with differ- 
ent capacity ratings, the battery 
with larger capacity is probably a 
better battery. 

Answer: 

False. There is no correlation 
between capacity and quality. 
However, there is a correlation 
between capacity, volume and life. 
The rule of thumb is, the lower the 
Capacity for a specific volume, the 
longer the life. 

Higher capacity (rated AH) is 
achieved by increasing the amount 
of lead in the battery. Within a spe- 
cific volume however, an increase 
in the amount of lead can only be 
accomplished by reducing the 
amount of electrolyte, resulting in 
premature failure due to recharge 
problems. 

Question 2—True or False: 

When testing identically rated 
batteries, initial capacity is not an 
accurate gauge of battery quality. 

Answer: 

True. Initial capacity is nota 
very good method of judging the 

















After 1-5 cycles 


Battery Y shows a higher initial capacity 
because more plate surface is exposed to 
electrolyte—a result of increased irregulari- 
ties in its surface (low density). However after 
100 cycles battery X (high density) meets its 


gel /call! 





How initial capacity can affect the cycle life of a battery. 


quality of a battery. In some cases, 
manufacturers choose to improve 
the initial capacity of their batteries 
by lowering the paste densities. 
However in so doing, the shed- 
ding of plate material substantially 
decreases its cycle life. (See illus- 
tration below) 

Globe Gel/Cells are designed 
for extended cycle life, while opti- 


mally meeting initial capacity criteria. 


Unsurpassed performance over the 
life of the cell, and extended cycle 
life is what sets Gel/Cell apart 
from the rest. 

Question 3—True or False: 

A “‘deep cycle”’ occurs when 
a battery is rapidly discharged to a 
very low voltage. 

Answer: 

False. Depth of discharge 
(or deep cycle) is determined by 
the percentage of rated capacity 
extracted from the battery. A deep 
discharge occurs when 80%-100% 
of the capacity is discharged, as in 
the case of a low current discharge 
over an extended period of time. 

For example, reducing the volt- 
age in an automotive battery to 
the point where it can’t crank the 
engine is not a deep cycle. In actual- 
ity, only approximately 10% of the 
Capacity has been discharged. 
However in the case of a battery 














90% 








After 100 cycles 


rated capacity, while battery Y’s capacity has 
deteriorated due to shedding of plate mate- 
rial. Look beyond initial capacity when test- 
ing a battery for your needs. 



















driven wheelchair, where 70%-90% 
of capacity can be discharged dur- 
ing continued use, deep cycles are 
recurrent. When specifying batter- 
ies for deep cycle applications, 

be sure to get the percentage of 
capacity discharged during the 
tests. At Globe Battery Division, our 
data on cycle life is always based 
on minimum discharge depths of 
85% of capacity. : 

Question 4—True or False: 

Failure of batteries in float 
applications is usually caused by 
loss of electrolyte due to gassing 
during continuous charging. 

Answer: 

False. Electrolyte loss due to 
gassing contributes little to the 
potential failure mode of batteries in 
float applications. Actually, grids 
would corrode long before gassing 
could have any effect on the life of 
the cell. Therefore, the thickness of 
the grids has much more bearing 
on float life than gassing. 

Question 5: 

Is there a way for you to get 
more information on the implica- 
tions of battery technology on 
your designs? 

Answer: 

Absolutely. Globe Battery Divi- 
sion would be pleased to schedule 
a seminar conducted by our engi- 
neers to provide you and your staff 
with more in-depth information. 
Information that can help you make 
better use of battery technology 
in your designs. 

With 70 years of experience in 
lead acid battery technology, Globe 
Battery Division has established a 
tradition of providing knowledge- 
able assistance to design engi- 
neers. Call or write Mr. Robert 
Scrima at Johnson Controls, Inc., 
Globe Battery Division, Industrial 
Products Group, 900 East Keefe 
Avenue, Milwaukee, WI, 53201, 
(414) 228-2398. 





Globe Battery Division 
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CMOS RAMs. Featuring pin 
compatibility with 2716-family 
EPROMs, Series SRM2016/ 
2017/2018 fully static 16k CMOS 
RAMs require no clock or 


refreshing. Organized as 
2048 x8, they are TTL compati- 
ble and spec access times of 
200 nsec max (-C20) or 250 
nsec max (-C25). Using one 5V 
supply, the RAMs retain data 
with supplies down to 2V. They 
are packaged in a 24-pin plastic 
DIP; ceramic-DIP and Cerdip 
versions are also available. $9 
(100). Epson America Inc, 
3415 Kashiwa St, Torrance, CA 
90505. Phone (213) 534-0360. 
TLX 182412. 
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REAL-TIME CLOCK. Operating 
as a peripheral device with 
CDP1800 Series and most other 
nonmultiplexed-bus wPs, the 
CMOS CDP1879 IC features 
time-of-day/calendar outputs, 
alarm circuitry, time-of-day inter- 
rupts and a power-down mode. It 
includes five programmable 
counters that divide down an 
external oscillator input to pro- 
vide time and calendar informa- 
tion from seconds to months in 
BCD format. Alarm circuitry can 
be set for seconds, minutes or 
hours to activate the Interrupt 
output when the alarm registers 
match those of the counters. 
Interrupts can be generated by 
the alarm circuits or one of 15 


selected clock signals that range 
from subsecond to day-length 
interrupts. Operating at one of 
four different crystal frequencies 
(32,768 Hz and 1.04, 2.09 or 
4.194 MHz), the device provides 
a separate clock output that 
selects one of 15 50% duty-cycle 
Outputs to be sent to the pP. 
$9.05 (100) for 5V, 24-pin 
plastic-packaged version. RCA 
Solid State Div, Box 3200, 
Somerville, NJ 08876. Phone 
(201) 685-6319. 
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BEAM-LEAD SCHOTTKY DI- 
ODES. Available in low- or 
medium-barrier versions, Series 
HSCH-5300 microwave diodes 
offer a choice of three capaci- 
tance values. Typically used in 
mixers and detectors, they 
exhibit repeatable RF character- 
istics through the Ku band. A 
special process yielding large 
support areas results in strong 
beams—6g typ lead pull— 
without compromising capaci- 
tance (0.10 pF typ). The devices’ 
metallization system produces a 
Schottky junction stable to 
300°C, seals the passivation- 
system junction and anchors the 
gold-plated beams to the die. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 
94303. Phone local office. 
Circle No 293 


OP AMPS. Furnishing improved 
gain-bandwidth product, slew 
rate and output-current capabili- 
ty, Models PA84/84A are pin 
compatible with the Burr-Brown 
3584JM. They feature 75-MHz 


gain-bandwidth and 200V/yusec 
slew rate and deliver 290V p-p 
max output with load current of 
+40 mA. The devices are 
protected by overtemperature 
circuitry as well as short-circuit 
current limiting, and their input 
stage can withstand differential 
input voltages equal to the 
power-supply levels. FET inputs 
keep bias currents as low as 5 
pA (PA84) or 3 pA (PA84A); 
offset drifts equals are 10 wV/°C 
(PA84) and 5 pwV/°C (PA84A). 
Operating from supplies of +15 
to +150V, the devices use 


thermally efficient beryllia sub- 
strates and aluminum wires to 
provide high power dissipation. 


$66.50 and $77.50 (100), re- 
spectively, for the PA84 and 
PA84A. Apex Microtechnology 
Corp, 1130 E Pennsylvania St, 
Tucson, AZ 85714. Phone (602) 
746-0849. 
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A-LAW CODEC. Pin and func- 
tion compatible with the 2911A, 
TCM2911A_ provides’ the 
A/D-D/A interface, A-Law com- 
panding and decoding logic 
needed for a voice-band com- 
munications channel. Although it 
performs 8-bit conversion, its 
companding feature yields 12-bit 
dynamic range. Operating from 
+12 and +5V supplies, the 
device consumes 230 mW while 
operating and 33 mW in power- 
down mode. It comes in a 22-pin 
ceramic DIP. $11.62 (100). 
Texas Instruments Inc, Box 
202129, Dallas, TX °75220: 
Phone local office. 
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Type MS Non-inductive Power Film Resistors from 
CADDOCK optimize high-speed power switching: 





1. Gaddock’s “Non-Inductive 
Design’ can improve rise and 
fall times to minimize losses in 
power switching circuits. 


To keep the inductance to an absolute 
minimum, the special serpentine pattern provides 
for neigh- 
boring lines 
to carry the 
current in 
opposite di- 
rections to 
achieve 
maximum 
cancellation 
of flux 
fields over 
the entire 
length of the resistor. 


The result is a truly non-inductive resistor that 
is about as inductive as a straight piece of wire 
the length of the resistor body. 


This makes it possible for engineers to design 
new circuit configurations with superior non- 
inductive performance. 


2. Extended-life stability 
that is typically better 
than 0.05% per 1000 hours. 


Extended load-life tests at full power have 
demonstrated typical stability better than 0.05% 
1000 hours. 


oe 






Detailed stability data is included in the 
“Reliability Test Summary — Caddock Report #1” 
which is available on request. 





3. Higher voltage and power 
ratings extend the maximum 
‘critical’ resistance value. 


Caddock’s Micronox® film resistor technology 
permits single-resistor voltage ratings as high as 
6000 volts to be combined with power ratings of 
12.5 watts at +25°C. This combination of power 
and voltage provides a ‘critical’ resistance value of 
2.88 Megohms - more than 10 times higher than 


NON-INDUCTIVE 
POWER FILM RESISTORS 


The higher voltage rating of Type MS resistors 
also overcomes the resistance value limits impos- 
ed on wire-wounds by the minimum wire size and 
spacing. 





4. The special construction of 
Micronox® resistors assures 
high performance through harsh 
environments. 


Type MS Power Film Resistors are produced 
by firing high-stability Micronox® resistance 
films directly onto a solid ceramic core - in air - at 
+1400°F to achieve a structure with these special 
performance 
advantages: 







e Operating temperatures as high as + 275°C. 
e Repeatable temperature characteristics that 
include a TC of only 50 PPM/°C. 


° Verified reliability through environmental 
extremes encountered in both ‘down-hole’ oil 
exploration and deep-space instrumentation 
equipment. 


5. The family of Type MS Power 
Film Resistors includes 14 
models with single-resistor 
values to 30 Megohms. 


To overcome the construction and cost limita- 
tions inherent in wire-wound resistors, Caddock 
Micronox® film resistor technology gives circuit 
designers a practical balance between perfor- 
mance, value, size and cost, as the specifications 
for the Model MS 313 demonstrate: 





e Non-inductive performance. 

© 12.5 watt power rating. 

e Resistance values from 50 ohms to 30 
Megohms. 

e Resistance tolerances from +1.0% to +0.1%. 

e Maximum operating voltage of 6000 volts. 


e Unit prices below $2.50 on 1000-lot orders for 
any value between 100 ohms and 200 Kohms. 


6. Overloads of 5-times rated 
power for 5 seconds and 20- 
times rated power momentary 
are standard on all models. 


After repeated 
power overload 
tests that apply 
5-times rated 
power for 5 se- 
conds, Type MS 
resistors have 
demonstrated 
stability typically 
better than 0.1% 





For even higher overload situations, Type MS 
resistors can be subjected to 20-times the rated 
power for one second. 


Caddock’s advanced film resistor technology is the source of these outstanding advantages - 
advantages that are matched by a 20-year record of outstanding ‘in-circuit’ reliability. 


Discover how easily these problem-solving resistors can improve the performance and reliability of your equipment, too. 
For your copy of the 20th Edition of the Caddock General Catalog, and specific technical data on any of the 
more than 150 models of the 13 standard types of Caddock High Performance Film Resistors, just call or write to - 


Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 * Phone: (714) 788-1700 ¢ TWX: 910-322-6108 
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MULTIBUS BOARDS. These 


CPU, main-peripheral, video and 
serial-l/O boards provide com- 
plete 68000-P capability and 
can be easily integrated into 
Multibus systems. The CPU 
board has 256k bytes of 
on-board RAM that permits the 
wP to execute code at full speed 
(8-MHz clock with no Wait 
states). Bus-timeout and simple 
memory protection as well as 
interrupt-type selection are pro- 
vided. The main-peripheral unit 
features 32k bytes max of 
PROM, a triple interval timer, 
two programmable USARTs, an 
error-polynomial generator and 
checker, three parallel-interface 
chips, a keyboard interface, a 
baud-rate generator for the 
USARTs and a priority interrupt 
controller. Incorporating 32k 
bytes of RAM, a programmable 
video controller and a program- 
mable DMA controller, the video 
board provides as many as 256 
PROM characters. The serial-l/O 
board furnishes as many as five 
serial I/O ports, an interface to a 
bar-code wand and an interface 
to a proportional-spacing printer. 
From $700 (50). TSD Display 
Products Inc, 35 Orville Dr, 
Bohemia, NY 11716. Phone 
(516) 589-6800. TLX 144659. 
Circle No 274 


WINCHESTER CONTROLLER. 
The ACS-500 Series comprises 
five LSI chips: four proprietary 
devices and an EPROM contain- 
ing the microcode for operation 
in a SASI (Shugart Associates 
System Interface)-bus environ- 
ment. They provide all Winches- 
ter-drive control and handling 


functions and are divided into 
logical blocks including the 
encode/decode function for 
MFM, sequence and serializa- 
tion/deserialization logic, a com- 
bination voltage-controlled oscil- 
lator and phase-locked loop, and 
a dual-ported buffer control that 
permits FIFO-type multisector 
buffering for high-speed through- 
put. One channel operates with 
multiple hosts or multiple control- 
lers; transfer rates reach 10M 
bytes/sec. $190 (1000); control- 
ler boards, $350 (500). Adaptec 
Inc, 1625 McCarthy Blvd, 
Milpitas, CA 95035. Phone (408) 
946-8600. 

Circle No 275 
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DYNAMIC RAM. Available in 
64k-byte (Model 6064) or 128k- 
byte (Model 6128) configura- 
tions, Model 6064/6128 contains 
an on-board refresh controller for 
processor independence. The 
STD Bus unit provides optional 
parity generation/checking. A 
parity error generates a non- 
maskable interrupt by asserting 
the NMIRQ signal on the STD 
Bus. Two addressing modes (16 
and 20 bit) are available, and the 
RAM board uses the STD-8088 
address-expansion technique, in 
which the most significant ad- 
dress bits are multiplexed over 
the data bus at the beginning of 
a memory cycle. Model 6064, 
$490; Model 6128, $690; with 


parity option, $530 and $750, 


respectively. Systek, 6515 W 
Clearwater Ave, Suite 222, 
Kennewick, WA 99336. Phone 
(509) 735-1200. 

Circle No 276 














ANALOG-I/O BOARD. For Mo- 
torola Exorciser systems and 
Rockwell System 65 uCs, 
SineTrac ST-6832 accepts as 
many as 32 single-ended or 16 
differential analog-input chan- 
nels. Under wC program control, 
it selects, digitizes and stores the 
data in user-selected memory 
locations. Two D/A channels are 
available for data distribution. A 
memory-mapped device, the 
unit is organized around eight 
consecutively addressed regis- 
ters with a user-selectable base 
address. For real-time applica- 
tions, an on-board Pacer real- 
time clock is included, frequency 
selectable under program con- 
trol. A +15V dc/de converter 
supplies voltage to the linear 
circuitry from the 5V Exorciser 
power supply. From $689 for 32 
A/D channels and instrumenta- 
tion-amp gains of 1, 2, 4 and 8. 
Datel-intersil, 11 Cabot Blvd, 
Mansfield, MA 02048. Phone 
(617) 339-9341. TWX-710-346- 
1953. 

Circle No 277 


A/D CONVERTER. Taurus high- 
resolution ,.P-compatible con- 
verter features +16- or +17-bit 
resolution, +100-mV or +1V 
user-selectable input signals and 
a conversion rate of 20 per sec. 
STD Bus compatible, it provides 
sign-magnitude binary output. 
Operating temperature spans 0 
to 70°C, and the unit requires 
+15V at 50 mA and 5V at 300 
mA. $605. Lincoln Instruments 
Inc, 456 W Montana St, Pasade- 
na, CA 91103. Phone (213) 
798-0733. 

Circle No 278 
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Epoxy coating for 
maximum protection from 
heat, humidity, shock and 
vibration—fully UL 
recognized. 


Tin plated copper wires 
soldered onto thick silver film 
electrodes give improved 

current handling capabilities. 


Precise lead placement minimizes 
hot spots and maintains accurate 

lead spacing. Twin crystal barrier 
layer provides higher suppression 

and energy handling capability. 


Fast turn on time (better 
than 35ns), low capaci- 
tance and increased 
power dissipation. 


, Tight clamp- 
\ ing and fail- 
safe char- 

- acteristics 
for maximum 
protection of 
voltage 
sensitive com- 
ponents and 
equipment. 


Newly developed 
process to’seal the edge 
of the varistor pellet 
eliminates flashover 
problems and vastly 
reduces leakage factors. 





Stetron MNR metal oxide 
varistors provide high speed, 
high energy and accurate 
transient suppression. They 
also provide the highest 
measure of excellence in terms 
of increased power dissipation, 
faster turn on time, lower 
overshoot characteristics, low 
capacitance, higher suppres- 
sion capability, low leakage... 
and like all Stetron compo- 
nents... reliability. 

Stetron MNRs are 
available for virtually every 
application. In radial, axial, 
tape and reel or spade lug 
configurations. 

The entire Stetron 
product line has proven relia- 


Chicago 


Buffalo 


bility, our ratings are superior 
and we are able to supply the 
widest range of device types, 
including capacitors, thermis- 
tors, crystals, relays and 
diodes. 

Complete product 
information and samples are 
readily available from Stetron 
offices in Chicago, Buffalo, 
Toronto, Ottawa, Montreal 
and Tokyo. Or from any of our 
many representatives located 
throughout the U.S. and 
Canada. Our engineering staft 
is always ready to assist with 
any special circuitry protec- 
tion problems you may have. 

Stetron. The name for 
reliability. 


Toronto 


Montreal 





STETRON 


Stetron International Inc. 
999 Plaza Dr., Suite 400, Schaumburg, 
Illinois 60195 (312) 577-0045 
Tlx: 206-742 


Tokyo 


Stetron International Inc. was formerly Electronic Components International, Division of Edward R. Steger Associates Inc. 


CIRCLE NO 73 





Computer-System 
Subassemblies 








ig ora 


Medi Mey 


Crystalonics made FETs commercially 
available in 1960 and is still the leader in 
the field. We offer an array of excellent 
special devices, including: 

* Low frequency, silicon, N-Channel, 
junction FETs (CM860/2N6550) with an 
ultra low input noise figure of 1.4 nV/ V Hz 
typical at 1 kHz, for low frequency 
amplifier applications. 





¢ RF FET for radio frequency amplifier appli- 


cations (CP640/CP643), broad band, with 
wide dynamic range, through 500 MHz. 

¢ A series of switching FETs (2N4445/ 
2N5432) with under 15 ohms ON 
resistance. Standard types with Roy as 
low as 2% ohms (2N6568), and specials as 
low as 1 ohm (CM856). 

* FOTOFETS®, light-sensitive, junction 
FETs in transistor cases with curved or 
flat glass lenses. Ideal for optical coupling 
applications demanding supersensitivity, 
fast response, low dark current and 
stability. 

For further information send for our short 

form catalog. : 


“6 TELEDYNE 
CRYSTALONICS 


147 Sherman Street 
Cambridge, MA 02140 
Tel: (617) 491-1670 ¢ TWX 710-320-1196 
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CONTROLLER/INTERFACE. A 
single-board Multibus-compati- 
ble unit, the DSD 5215 simulta- 
neously interfaces to 5%-in. 
Winchester, %4-in. streaming- 
tape and 5'%-in. floppy-disk 
drives. It features advanced 
architecture with a high-speed 
internal bus for pipelining of 
data, 24-bit addressing, nonin- 
terleaved data transfer, an 
On-board data separator and 
on-board 32-bit error-correction 
code. The device emulates 
Intel's iSBC 215 and iSBX 218 
controllers and thus provides 
software compatibility with In- 
tel’s RMX 86 operating system. It 
interfaces to low-cost Seagate 
and Tandon drives. A phase- 
locked loop performs data 
separation for the Winchester 
and floppy disks, and a proprie- 
tary ECC chip can generate both 
Winchester ECC and cyclic 
redundancy check for the floppy 
disks. $2200. Delivery, 30 to 45 
days ARO. Data Systems 
Design, 2241 Lundy Ave, San 
Jose, CA 95131. Phone (408) 
946-5800. TWX 910-338-0249. 

Circle No 279 


VO SYSTEM. Intelligent Data 
Acquisition and Control chassis 
(IDAC) uses an integrated 16-bit 
.C to control industrial automa- 
tion configurations of as many as 
4800 digital and analog I/O lines. 
It can serve as a stand-alone- 
sensor I/O system or a node ina 


distributed-sensor I/O network. 


As a stand-alone system, it can 
be configured with a CRT 
terminal, dual diskettes or Win- 
chester disk and medium-speed 
printer. This system can process 
real-time data, control process- 
es, generate reports and main- 
tain test or process histories. Ina 
distributed network, several 
chassis can control different 
parts of complex processes; a 
host CPU provides overall sys- 


tem management. The chassis 
is programmed for _ individual 
tasks and has five slots; another 
12 are available for any combi- 
nation of DG/DAC Sensor 1/O 
Library cards, which include 
analog I/O, TTL and non-TTL 
digital I/O, high-speed A/D and 
D/A converters, analog multi- 
plexers, relay cards and optically 
isolated digital-I/O and triac 
modules. With 32k to 64k bytes 
of memory and no _ terminal 
boards, $6850 to $7150. Data 
General Corp, 4400 Computer 
Dr, Westboro, MA 01580. Phone 
(617) 366-8911. 

Circle No 280 











DISK CONTROLLER. Capable 
of directly accessing a 16M-byte 
address space by means of a 
Burst-mode DMA interface, the 
696/S-100-bus Disk 2 provides 
processor-independent data 
transfer between system memo- 
ry and as many as _ four 
Winchester 8- and 14-in. disk 
drives. Interfacing to Shugart 
SA4000 Series, Fujitsu 2300 
Series and Memorex 101 Series 
drives, it is fully compatible with 
the MP/M, OASIS, CP/M-80 and 
CP/M-86 operating systems. 
Providing 24-bit addressing 
transferred across 64k bound- 
aries, the unit has an J//O- 
mapped interface that permits 
contiguous system memory and 
16 switch-selectable arbitration 
priority levels. $795. CompuPro 
Systems, Oakland Airport, CA 
94614. Phone (415) 562-0638. 
Circle No 281 
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COMPUTER BOARD. The Quadboard combines 











four IBM Personal Computer boards into one, 
leaving slots for further expansion. Compatible with 
IBM hardware, it includes 256k-byte memory ex- 
pansion, a clock/calendar, parallel printer I/O and an 
asynchronous (RS-232) communications adapter. 
Memory is expandable in 64k-byte increments. Full 
parity generation and checking come standard; 
parity can be switch disabled to avoid system 
lock-up upon error detection, and DIP switches 
provide addressing starting on any 64k block. The | 
asynchronous communications adapter is software 
programmable for baud rate, character andstop and | 
parity bits and uses the same chip as the IBM async 
board. With 64k of RAM, $595; 128k, $775; 192k, 
$895; 256k, $995. Quadram Corp, 4357 Park Dr, 
Norcross, GA 30093. Phone (404) 923-6666. 
Circle No 282 














SPEED-DEMON 
OP AMP 


HA-2539 Super-Fast, 
WV Keyatel a dalCome@yemeviile 


@ Slew Rate: 800 V/j.s, typ. 

@ Gain Bandwidth: 600 MHz 

@ Output Swing: +10V 

@ Pin-for-pin compatible with Signetics NE5539 


Contact Harris Semiconductor Analog Products Division 
P.O. Box 883, Melbourne, Florida 32901. 
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LIGHTNING- 
FAST 
SWITCH 


_ _ H1I-201HS Analog Switch 
Combines High Speed With 
CMOS Signal Ranges 


@ World’s finest monolithic 
SPST quad switch 
@ Switching Speed: 
50 ns max. 
"EON Resistance: 
) 50 (2 max. 
@ Power Dissipation: 
120 mW 
@ Upgrade, pin-for-pin 
replacement for 
“garden variety” 201- 
type switches 


Contact Harris 
Semiconductor Analog 
Products Division, RO. 
Box 883, Melbourne, 

sa lelaler-mcyacl en 
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SINGLE-BOARD ,C. The P-Forth card incorpo- 
rates a FIG FORTH firmware package and built-in 
EEPROM. STD Bus compatible, it permits program- 
ming into nonvolatile memory; as soon as the 
application is verified and functioning, the program 
becomes available via a switch on the card. Upon 
power-up, the card then runs the application 
directly. Based on the 6801 uP, the C includes an 
editor for use in developing applications, an assem- 
bler to permit writing of assembly-language routines 
and a monitor for debugging. It accepts 16 1/O bits 
and also furnishes a programmable timer and an 
RS-232 interface. $645. Peopleware Systems Inc, 
5190 W 76th St, Minneapolis, MN 55435. Phone 
(612) 831-0827. 
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The capacitors say 
Nichicon ‘Superminiature/ Low Leakage Aluminum Electrolytics. 


NICHICON SUPERMINIATURE HIGH cv DENSITY CAPACITORS 


Series Lead 
Type Style 
TKB Axial 
UKB Radial 

SA Radial 
SL Radial 


Series 
Features 


Very low leakage 
Replaces tantalum Capacitors 
Miniature size 


Very low leakage 
Replaces tantalum Capacitors 
Miniature size 


Superminiature size 
Standard 7 mm body length 
Low leakage 


Replaces tantalum capacitors _ 


Superminiature size - 
Very low leakage 
Standard 7 mm body length 
Replaces tantalum capacitors 








The specs sa ‘tantalum 


The budget says aluminum 





The need says now 


Sound like a familiar capacitor application problem? 


‘Well, now you have four state-of-the-art aluminum electrolytic capacitor 
series to solve the problem. Each series has been specially designed 
to deliver tantalum-like performance and operating reliability. 


The secret comes from our advanced etching and forming techniques 
and our thorough inspection standards at each manufacturing step. 


The result is four high CV density capacitor choices that combine 


| extremely low leakage and superminiature size— as small as 4 x 7 mm. 


The TKB, UKB, SA and SL Series are available now, 

ready for quick delivery and have already reduced 

capacitor costs at many companies up to 40 percent. 

_ And, they're all available in standard or taped and reeled packaging. 


To find out more about these space, time and money 
Saving axial or radial lead aluminum electrolytic capacitors, 
contact your local Nichicon representative or distributor. 
They'll provide you with detailed data sheets, 

technical assistance, samples, pricing and delivery. 


Or write or call us to get the Nichicon aluminum advantage. 
een (America) Corporation, 927 East State Parkway, 
Schaumburg, IL 60195 * (312) 843-7500. 





nichicon.: 


The capacitor choice 


‘Body Diameter Body Length | Rated Voltage Capacitance 


(Range in Inches) (RangeinInches) Range (V.DC) Range (:F) 
0.196 ~0.393 0.472 ~0.827 6.3 ~ 100 0.47 ~ 100 
5 ~10 mm. 12 ~21 mm 
0.196 ~0.393 0.433 ~0.787 6.3~100 0.1~ 100 
5 ~10mm 11~20mm 
0.157 ~ 0.248 0.275 6.3~63 01~100 
4~6.3mm 7mm 
0.157~ 0.248 0.275 65.68 a 4400 
4~6.3mm 7mm . : 


© Nichicon (America) Corporation 1982 


CIRCLE NO 77 








Computers 
& Peripherals 











COMPUTER SYSTEMS. Sys- 


tem 8000 Models 10, 11, 21 and 
31 provide 8- to 24-user capabili- 
ty and include a common CPU 
board (based on the 6-MHz 
Z8001A processor, which sup- 
ports eight serial I/O ports and a 
parallel I/O port) and peripheral 
controllers. Utilizing ZEUS oper- 
ating-system software, they sup- 
port high-level languages such 
as FORTRAN, C, PASCAL and 
BASIC; high-speed local-area- 
network communication occurs 
via the manufacturer's Z-NET Il 
option. Measuring 8x28 18 in., 
Model 10 comes with 256k bytes 
of parity memory, a 5%-in. 
Winchester disk with 18M-byte 
storage capacity and a 1M-byte 
floppy-disk drive for backup. 
Model 11 adds a 17M-byte 
cartridge tape drive and an 
intelligent Z80B-based tape- 
cartridge controller board. The 
33 x 19x 24-in. Model 21 furnish- 
es a standard 10-slot card cage 
and 1M bytes of error-correcting 
memory, an 8-in. Winchester 
disk with 32M-byte storage 
capacity and a 1/7M-byte car- 
tridge tape drive for backup. 
Model 31 substitutes an 80M- 
byte SMD-compatible Winches- 
ter disk drive for Model 21's 
Winchester, providing 320M- 
byte max storage capacity. 
Model 10, $13,950; Model 11, 
$16,950; Model 21, $29,950; 
Model 31, $40,000. Zilog Inc, 
1315 Dell Ave, Campbell, CA 
95008. Phone (408) 370-8000. 
TWX 910-338-7621. 

Circle No 552 
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COMPUTER SYSTEM. Incorpo- 
rating Z80 and 8088 uwPs and 
offering several operating sys- 
tems (including CP/M, MS-DOS 
and OASIS), the Vector 4 comes 
in two models. Model 4/20 is a 
dual-floppy-disk-drive system 
with 630k-byte capacity on each 
5%-in. disk. Model 4/30 has one 
floppy-disk drive with 630k-byte 
capacity and a Winchester drive 
with 5M-byte capacity. The 
system utilizes the 16-bit wP’s 
power, while running 8-bit soft- 
ware, by calling on 16-bit 
commands to speed up selected 
8-bit programs. For example, 
under the extended CP/M oper- 
ating system, the 8088 handles 
disk transfers four times as fast 
as the Z80. The system provides 
128k of main memory, expand- 
able to 256k. Memory-mapping 
logic allows the Z80 to access 
the entire memory in increments 
as small as 2k. Main memory is 
time shared between the CPU 
and the video-display controller. 
Model 4/20, $4495; Model 4/30, 
$5995. Vector Graphic Inc, 500 
N Ventu Park Rd, Thousand 
Oaks, CA 91320. Phone (805) 
499-5831. 

Circle No 551 


GRAPHICS TERMINALS. Avail- 
able in two versions for business 
and two for technical applica- 
tions, HP 2700 Series units 
offload graphics calculations 
from a host computer, display 
multiple views using zoom and 
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D EVER ADVANCING 


ISH! ELECTRONICS 


the ML 5308 i is mounted toa he \ 
2 ey ten ie ee’ 


ieee cine tbekontion communi 
and optical range meters. 


‘CHARACTERISTICS TABLE (Te= 25°C) | : | 


_ Parameter 

| Light Output _ 

_ Threshold Current _ 

Operating Current _ 

_ Operating Voltage _ 1.8 
Lasing Wavelength 


Full Angles at Half 6, 13 


Maximum 6+. 38 


~ For more information, call Mitsubishi. 
The Optimum Choice. 


MITSUBIS HI 
\ ELECTRONICS © 


Seca DIVISION / 


OPTICAL PRODUCTS 


; MITSUBISHI ELECTRONICS AMERICA, INC. 
1230 Oakmead Parkway 
_ Sunnyvale, CA 94086 3 
(408) 730-5900 TWX 910-339- 9549 
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pan capabilities and simultane- 
ously exhibit 16 of 4096 colors 
on the screen. By storing a 
vector list, the devices allow you 
to pick, move, scale or rotate an 
object using local graphics 
manipulation. Multiple views can 
be displayed through as many as 
255 windows on the screen. 
32k x 32k addressable resolution 
provides a vector workspace of 
more than one billion address- 
able points. Combining addition- 
al vector memory and cursor 
control via a graphics tablet, 
Model 55 becomes an extension 
to a host-driven CAD package. 
Model 60 utilizes AUTOPLOT/ 
2700 software to permit creation 
of pie, bar, linear or log charts 
and addition of graphics text to 
annotate those charts. Model 65 
provides freehand sketching, 
aided drawing and picture edit- 
ing via PAINTBRUSH/2700 soft- 
ware. Model 50, $19,900; Model 
55, $24,000; Model 60, $24,000; 
Model 65, $28,000. Hewlett- 
Packard Co, 1820 Embarcadero 
Rd, Palo Alto, CA 94303. Phone 
local office. 

Circle No 553 


STAT MUXs. Available as basic 
4-channel units with one data 
link, NES statistical multiplexers 
can be incremented with 4- 
channel modules to concentrate 
as many as 32 lines into one 
high-speed data link (an optional 
backup data link is also avail- 
able). The NES9100 and the 
NES9200 (a unit that incorpo- 
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rates individually designated 
port switching, port selection 
and contention features) are 
compatible with their manufac- 
turers 90/10 Network Control 
and Management System and 
90/15 Performance Measure- 
ment System. Transparent to 
users while operating the high- 
speed data link, they function at 
input speeds to 9600 bps and 
handle data from a group of 
terminals with an aggregate data 
rate two to four times higher than 
the data-link speed. Each input 
data line independently config- 
ures to handle asynchronous or 
optional bisynchronous data. 
Autobaud is a standard feature, 
guaranteeing that the port rate 
automatically matches the de- 
vice connected for dial-up inputs. 
NES9100, $2550; NES9200, 
$3050. Intertel, 6 Shattuck Rd, 
Andover, MA 01810. Phone 
(617) 681-0600. 
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WINCHESTER DRIVES. Models 
3046, 3033 and 3020 5%-in. 
drives supply 46.3M, 33.7M and 
19.8M bytes of unformatted 
Storage, respectively. Providing 
30-msec access time, they use 


four, three and two 130-mm- 
diameter oxide-coated disks 
mounted within a common 
housing. Interchangeable with 
standard 5'%-in. floppy-disk 
drives, the units employ a 
closed-loop servo equipped with 
a linear actuator and Winches- 
ter-type ferrite read/write heads. 
They weigh 6.5 lbs and can be 
mounted horizontally or vertical- 
ly. Drives spec 3-msec track-to- 
track access time, 8.3-msec 
average latency and 3-msec 
settling time. Mean time be- 
tween failures equals 10,000 
power-on hrs. 3033, $1800; 
3020, $1470 (1000). Atasi Corp, 
235 Charcot Ave, San Jose, CA 
95131. Phone (408) 942-0770. 
Circle No 555 
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INTELLIGENT CONTROLLER. 
For industrial and process- 
control applications, Model 
CS105 services a variety of I/O 
devices and standard buses 
(including STD, IEEE-488 and 
CAMAC) and acts as a master/ 
slave in systems utilizing those 
buses. Its hardware is contained 
in pluggable modules enclosed 
in a metal subchassis. A central 
module contains a printer inter- 
face, real-time clock, host/target 
switch to move to and from 
Program Development mode, 
protected programming switch 
for EEPROMs and ac isolated 
power control for external power 
supplies. A CPU module utilizes 
the 8085A wP and contains 
bus-interface circuitry, an RS- 
232C port and a cassette- 
memory interface. The device 
services aS many as four 16k 
memory modules: Module 1 
holds 16k of EPROM with BIOS 
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and the FORTH nucleus; module 
2 contains 6k of system RAM, 2k 
of EPROM for patching, 4k of 
EPROM for screens 0 to 3 with 
error messages and editor 
functions and 4k of RAM for 
user-available screens 4 to 7; 
and modules 3 and 4 are 
available for additional user 
screens. Supplied with 8085 FIG 
FORTH, the unit includes a 
FORTH decompiler, an 8085 
assembler, a portable line editor 
and a _ screen-oriented editor. 
$2995. Controlex Corp, 16005 
Sherman Way, Van Nuys, CA 
91406. Phone (213) 780-8877. 
Circle No 556 











COMPUTER WORKSTATION. 
The Unistar 100 consists of the 
CD100M Multibus-compatible 
workstation with 10M-byte 5%- 
in. Winchester and 0.6M-byte 


floppy-disk drives, a 12-in. 
P31-green-phosphor CRT, a 
detached keyboard and an 
ANSI-compatible video control- 
ler. Its 68000 CPU runs at 8 MHz 
and employs 256k bytes of 
dual-port local memory, expand- 
able to 1M bytes. Local memory 
ensures that the 68000 avoids 
Wait states. Optimized for 16 
users, the unit features 2-level 
memory-management hardware 
with fast-process context-switch 
Capability and such exception- 
processing capabilities as parity, 
five system timers, page map, 
segment map and system-space 
facilities. Two RS-423 multipro- 
tocol serial ports and a parallel 
16-bit I/O port ease I/O. The 
system also provides a worksta- 
tion for running the Bell Labs 
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UNIX operating system. Callan 
Data Systems, 2645 Townsgate 
Rd, Westlake Village, CA 91361. 
Phone (805) 991-9156. 
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VIDEO DISPLAY TERMINAL. 
Visual 50 displays 24 80- 
Character lines on a 12-in. 
screen and provides 7x9 dot- 
matrix characters, a 128 ASCII 
character set and blink, reverse- 
video, underline, aim and blank 


ed the capacitor ; 
xity and weight. 


attributes. It furnishes menu- 
selectable emulation of the 
Hazeltine Esprit, ADDS View- 
point, Lear Siegler ADM-3A and 
DEC VT52 units; an RS-232C 
interface allows communication 
with a variety of host-computer 
systems. The unit comes in a 
plastic housing and provides 
tilt-and-swivel capabilities, a de- 
tached low-profile keyboard and 
matte-finish keycaps. Other fea- 
tures include menu-style setup 
modes (in nonvolatile memory), 
25th status line, a line-drawing 
character set for charts and 
graphs, and smooth scrolling. 
Options include international 
character sets in eight lan- 
guages and a P31-green- 
phosphor display. $695. Visual 
Technology Inc, 540 Main St, 
Tewksbury, MA 01876. Phone 
(617) 851-5000. 

Circle No 558 





_ TAStreet, Highland industrial Park, Burlington, MA 01803 (617 272-565 
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CRT SUPPLY. The 4-supply 
CRT-HVPS provides output volt- 
ages for G1, G2, focus and 
filament circuits. It interfaces 
with one of its manufacturer’s 19 
LG or HG supplies, and the 
5-supply combination fits in two 
5%-in. racks. Two large panel 
meters provide a_ switch- 
selectable LED display of all 
voltage and current outputs. 
Oscillator-rectifier circuitry pro- 
tects against overload, and high 
oscillator frequency permits rip- 
ple as low as 0.1%, with minimal 
stored energy. Efficiency at full 
load specs at >75% typ, and 
recovery time from a 50% load 
transient equals <5 msec. 
$1895. Delivery, stock to 8 wks 
ARO. Glassman High Voltage 
Inc, Box 551, Whitehouse Sta- 
tion, NJ 08889. Phone (201) 
534-9007. 

Circle No 284 


ANALOG RECORDER. Produc- 
ing hard-copy data describing 
the relationship between two 
analog variables or one analog 
variable and time, Model 60000 
incorporates X and Y _ input 
amplifiers with floating and 
guarded inputs that exhibit a 
constant impedance of 1 MQ. for 
minimal source loading. Eight- 
een calibrated sensitivities from 
50 pV/cm to 20V/cm (variable 
between steps) accommodate a 
wide range of input signal 
amplitudes, and for Y-T record- 
ing, the timebase provides eight 
calibrated X-axis speeds from 
0.1 to 20 sec/cm. Slewing speed 
equals 134 cm/sec. Silent elec- 
trostatic paper holddown and 
edge lights ease positioning of 
82x 11-in. paper, and a muting 
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facility removes the drive from 
both servo motors, allowing 
manual movement of the pen 
carriage to any position on the 
bedplate. $2200. Delivery, 6 wks 
ARO. Gould Inc, Instruments 
Div, 3631 Perkins Ave, Cleve- 
land, OH 44114. Phone (216) 
361-3315. 
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4-COLOR PLOTTER. Model 
DXY provides a 10x14-in. 
effective plotting range, plotting 
speed of 2.73 ips max and step 
size of 0.003 in./step. A Centron- 
ics interface eases connection to 
a computer. The 4-color unit’s 
Control command and Basic 
command permit drawing of 
figures; four pens, pen holders 
and chart hold-downs come 
standard. Functions are expand- 
able via added ROM. $949. 
Amdek Corp, 2420 E Oakton 
St, Suite E, Arlington Heights, IL 
60005. Phone (312) 364-1180. 

Circle No 286 


DRAFTING PLOTTER. For IC 
and pc-board design, generation 
of electrical schematics, me- 
chanical-parts design and facili- 
ties layout, the wP-controlled HP 
7585A features 4g acceleration 
and speeds to 24 ips. Pen- 
handling capabilities include au- 
tomatic setting of pen force and 
writing speed, automatic capping 
of pens not in use and 
programmed selection of as 
many as eight pens for combin- 
ing color, line width and pen type 
on one plot. As many as seven 
internally stored line types can 
be specified: solid, dotted, 
dashed and combinations of 


dotted and dashed; the uP 
automatically scales each line 
pattern between vector end- 
points to provide uniform line- 
style appearance and output 
quality. Addressable resolution 
specs at 0.001 in., mechanical 
resolution, 0.00012 in. and 
repeatability, 0.002 in. $22,750. 
Delivery, 9 wks ARO. Hewlett- 
Packard Co, 1820 Embarcadero 
Rd, Palo Alto, CA 94303. Phone 
local office. 
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OSCILLOGRAPHS. 8K20 Se- 
ries rectilinear thermal-writing 
chart recorders feature frequen- 
cy response to 105 Hz and use 
long-life thermal pens. They 
come with 40- or 80-mm 
galvanometers in mainframes of 
two to 12 channels. Three types 
of input preamplifiers are avail- 
able: high gain, low gain and 
direct fixed range, with sensitivi- 
ties from 0.5 mV/cm to 200V/cm. 
Paper speeds are selectable 
from 500 mm/sec to 1 mm/min; 
timing intervals equal 0.1 or 1 
sec and 0.1 or 1 min. Several 
recorders slaved to a master unit 
using the timing-signal output 
increases the number of chan- 
nels recorded synchronously. 
Automatic electronic overrange 
protection, event marker, simul- 
taneous pen lift and provision for 
roll or z-fold chart paper are 
standard, as are remote control 
of chart drive, pen heat on/off 
and paper-drive synchronizer. 
From $3475. Soltec Corp, 
11684 Pendleton St, Sun Valley, 
CA 91352. Phone (213) 767- 
0044. 

Circle No 288 


EDN SEPTEMBER 29, 1982 


















RODUGCT MAR 





‘This advertising is for new and current products. 


Please circle Reader Service number 


The DSTD-703 is a multi-function Calendar 
Clock module compatible with the STD BUS 
architecture. The DSTD-703 provides full cal- 
-endar clock capability with 1/10000, 1/100, 


sec, min, hour, day/week, day/month, month, 


4 byte wide sockets for CMOS RAM, full bat- 
_ tery backup, 16 bit bi-directional parallel port, 
CTC interrupt and brown-out detection. The 
DSTD-703 occupies 4 I/O port location. 

For more information contact: 
dy-4 Systems Inc., Marketing Department 
— 888 Lady Ellen Place, Ottawa, Ont. Canada 
Tel.: 613-728-3711 
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LEMO SELF-LOCKING CONNECTORS 


New Lemo B Series self-locking cylindrical 
- connectors incorporate a shell-based guide 
| and keyway polarization system. The result 


_ is an extremely rugged, high density, multi- 


~ contact connector which is aesthetically very 


| attractive and which is easy to engage and 


dieenaeng. Connectors are initially available 
in four 
Lemo U.S.A. Inc. 
P. O. Box 6626 © 
Santa Rosa, CA 95406 
(707) 523-0600 
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hell sizes with from 2 - 30 contacts. 








DSTD-ACC-RDSM is a remote display 
module used in conjunction with the 
DSTD-703, STD BUS Calendar Clock card 
providing up to 8, 7 segment displays and 
8 fully debounced switches with integral 
leds, the DSTD-ACC-RDSM interfaces to 
the DSTD-703 over the parallel port 
provided. 
For more information contact: 
dy-4 Systems Inc., Marketing Department 
888 Lady Ellen Place, Ottawa, Ont. Canada 
Tel.: 613-728-3711 
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STD Bus/Z80 Based 
RS 232G/Two Parallel 1/0 


All the above and more on one 4-1/2 x 6-1/2 
board! Up to 8K EPROM (2K furnished) and 2K 

RAM, furnished. 110-9600 baud software select- 
able with monitor program included. I/O connec- 
tors are on the board. Ideal for the heart of dedi- 
cated test sets or process controllers. Delivery 
of small quantities from stock. Use Visa, Mas- 
tercard or corporate purchase order. 


MS 1002(2MHZ)___——————SCSCSC~<S 2B. 
MS 1004(4MHZ)___————SCS~<S 3.14.00 
Quantity prices available 


 — éltee GETEC 


Electrotechnics Corporation 
P.O. Box 9308 
Phone (318) 636-0563 
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To advertise in Product Mart call: 


Joanne Dorian, (212) 949-4445 or Diane Turco, (212) 949-4447 





Shreveport, LA 71109 


for additional information from manufacturers. 


IC’s HATE SURGES 


How well are your circuits & 
systems protected against 
transient voltage and current 
surges? This new, _ fully- 
illustrated, 64-page hand- 
book tells you how to find 
out for sure. It is a definitive 
guide to the surge protection 
and testing of systems, cir- 
cuits and protective devices 
for surge vulnerability. In- 
cludes detailed coverage of new IEEE Std 587-1980 
for ac power-line spike surges and other significant 
surge standards, as well as the latest in surge test 
equipment. A must for designers and users of 
modern, IC-based electronic equipment. 


Price: $3.75/copy — Order from: 
KeyTek Instrument Corporation 
12 Cambridge Street 
Burlington, MA 01803 
(617) 272-5170 
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LOW COST 65 WATT SWITCHER 


e Up to 5 Outputs © 5x92 x22" Size 
¢ 110/220 VAC Input ¢ Overvoltage Protection 
e Soft Start e High Reliability 

e Short Circuit Proof °¢ 50°C Temp. Ratings 
Typical configuration, such as 5V @ 6A, 
12V @ 1A, 12V @ .5A and 24V @ 1A is 
priced at $139.00 for a single unit and 
delivery stock to 8 weeks. 


SWITCHING POWER INC. 
4835 Veterans Highway 
Holbrook, NY 11741 
516-981-7231 
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CUSTOM IC’S 
PROVIDE: 


@ Low Cost 
@ Low Power 

@® High Performance 
@ Small Size 


We are able to design and provide low cost 
custom IC’s for most applications. The use 
of semi-custom process allows these ad- 
vantages for production runs as low as 
1000 units. 

For more information provide a brief de- 
scription of your requirements. 


MASS CIRCUITS, INC. 
P.O. BOX 162, E. WALPOLE, MA 02032 
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TAPPED DELAY LINES. Active digi- 
tal Type 61Z provide precise tapped 
delays. Buffered TTL compatible 
input and output circuitry with com- 
pensation for propagation delay and 
internal loading. 5 tap intervals of 
equal delay. Total delay times, 25 to 
500 nanoseconds; rise time (max.), 
4 nanoseconds. Write for Bulletin 
45005. Sprague Electric Company, 
491 Marshall St., North Adams, MA 
01247. (413) 664-4411. 


CIRCLE NO 99 


for OTD bus 


Build an Inexpensive 
Test System with 












Z\ 7805 


the Single Board 
GPIB Computer 


featuring: 8085 CPU, 
RAM, ROM, 2-RS232, GPIB 
and development monitor. 





For information, write or phone 


li . . 
= 14> Ziatech Corporation 


== 3433 Roberto Court 
“y il {San Luis Obispo, California 93401 
(805) 541-0488 
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AT-12, 13 and 14 
are Piezo Ceramic 
Transducers that 


Sound 
advances. 


deliver big sound at low cost. Get 57 dBA 


within a combined frequency range of 2.5 
to 7.5 KH,. Features: flange mounting with 
wire leads, voltage range of 1 to 30 Vp-p, 
operating temperature of -20°C to 60°C. 
High efficiency, reliability and low current 
drain. Contact: 

Projects Unlimited, Inc., 3680 Wyse Rd. 
P.O. Box 1426, 
Dayton, Ohio 
45414 

(513) 890-1918 


orojects® 
unlimited 
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SPC POWER RECT. MODULES ARE UL 
RECOGNIZED. 


These 25-40A & 50-100A encapsulated power 
rectifier modules come in 7 circuit choices: 
single & 3-phase bridges, 3-phase common anode 
& cathode and %2-wave center-tap versions, and 
diode-doublers. Their advanced unitized structures 
assure maximized thermal transfer and long term 
reliability. Up to 1200VRMS. Prices that start at 
$10 make them ideal for space, cost and time 
Savings power conditioning applications. 
SILICON POWER CUBE CORP., 
3210 E. 59th St., Long Beach, CA 90805 
(213) 634-9390 
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CMOS DRIVEN ELECTROMECHANICAL RELAYS 
Teledyne’s 116C general purpose, and 136C sensitive 
relays contain an integral power FET driver to allow 
relay operation directly from CMOS level signals. 
Hermetic package also houses Zener protection 
diode, coil suppression diode and DPDT relay which 
utilizes Teledyne’s proven TO-5/Centigrid® design. 
Relay features .100 grid lead spacing, dry circuit to 
one amp contact rating, and excellent RF character- 
istics up through UHF. Standard coil voltages are 
5V, 6V, 9V, 12V, 18V and 26.5V. Complies with 
MIL-R-28776. Teledyne Relays, 12525 Daphne Ave., 
Hawthorne, Ca.90250 (213) 777-0077 
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400HZ INPUT SCOTT T—Synchro 3 wire input, L-L; 
Sine & Cos output; Part #10472 is 11.8 to 6v, 3/4 X 1-1/2 
X 3/8; #13530 is 11.8 to 1v, 5/8 X 1-1/4 X .3; #50460 is 90 
to 6v, 7/8 X 1-5/8 X 11/16; #13241 is 11.8 to 5v, .85 X 
.85 X 7/16; #52975 is 11.8 to 1v, 1/2 X 7/8 X 7/16 hi. 
No burn-out due to hi common mode surges, elimi- 
nates system grounding problems. Repeatable and 
interchangeable performance—no aging. Use for 
synchro-digital conversion encoders.—Magnetico Inc., 
182 Morris Ave., Holtsville, N.Y. 11742—516-654-1166. 
Call us for our complete line of Scoft T’s. 
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Reach over 117,000 Readers 
— ALL SPECIFIERS of 
electronic components 

and equipment 
for only 


$500 






PRIMARY CIRCUIT COMPONENTS 





SHARES 







Panel 
Components 
Corporation 
International 
Primary 
Circuit 
Components 
1982-83 
Catalog and 
Designers 
Reference 


New 1982-83 
catalog and 
design reference 
contains detailed 
descriptions of primary circuit components with international 
and North American product safety approvals. Primary circuit 
connectors, RFI filters, international cords and cordsets, in- 
ternational plugs, sockets, and socket strips are covered. 
Each product section is preceded with a description of 
applicable international standards and requirements. 
Suggested guidelines for specifying each component type 
are also included. 


Panel Components Corporation, P. O. Box 6626 
Santa Rosa, CA 95406, (707) 523-0600 
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FOR INTERFACING TO: sensors, 
ligelatto|Uler-14-are|aleifele miei ale] t-wmte) (-m 
noids, relays, lamps, pumps, AC 
aake)(o) yam DL Om a ale) ie) awa} (-) 0) el-J au aale)(e) «-e 
keyboards, displays,488 GPIB. 


ADDITIONAL FEATURES: 6800 MPU, 
oro al (Tyan melerel(-ueleli(-lagole lel ae] e) 


: A Allin en rele on 
7 WINTER 104 Sou ee 
: Lafayette, IN 47904 
317-742-8428 
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_ SOLID STATE I/O MODULES AC & DC 

Teledyne’s 673 series of I/O con- 
verter modules are for use in pro- 
grammable controllers, machine tool 
controls, computerized process con- 
trollers, etc. Solid State technology 
with unique packaging concept 
provides reliable, noise-free 1/O 
interface switching circuits between 
computer and loads. Send for com- 
plete info on these modules and 
free copy of Teledyne’s 1/O interface 
handbook. Teledyne Relays, 12525 
Daphne Ave., Hawthorne, CA 90250 
(213) 777-0077. 
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ENCAPSULATE 
BY TRANSFER 
MOLDING 


In epoxy, silicone or 
other thermoset. Our 


1964 in the production 
of DIP and other insert 
molded components. 
Highly economical 5 
to 60 tons. Quiet & 
clean operation. Tool- 
ing & turnkey pack- 
ages available. 


Phone Bill Gluck 
(412) 327-7575 


GLUCO, INC. 


Box 336, Monroeville, PA 15146 
_CIRCLE NO 106_ 


TEMPERATURE CONTROL BOARD dig- 
itizes thermocouple input using high CMR 
isolation amp and option of 16, 14 or 12-bit 
A/D converter. Cold-junction compensation 
and open T/C indication are provided. Also 
on-board is aD/Aconv. (optional 10, 9 or 8-bit) 


with 10V output. Uses 5V supply with DC-DC 


conv. Fits Motorola EXORciser~ bus. Price 
$679 with 12-bit ADC/8-bit DAC. 
TL INDUSTRIES, INC. _ 
2541 Tracy Rd., Toledo, OH 43619 
(419) 666-8144 
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We'll 
bend 
over 
back- 
wards 
-— E@eee SPEED UP 



















PRODUCTION OF— 


YOUR COMPONENT 

LEAD BENDING 
OPERATIONS. 

MODELS N-300 & N-400 


1. MEASURES EXACT BEND SPACING 
2. STRAIN RELIEF CLAMPING 


3. MAKES PRECISION BENDS FOR 
EASY INSTALLATION 


HARNNIL 1548 17th St. | Santa Monica, 
Ca. 90404 (213) 829-2310 















Electronic Device§, Inc.’s new, unique integral 
heat sink design provides superior heat dissipa- 
tion for lower junction operating temperature 
and therefore greater reliability. Thermal im- 
pedance, junction-to-case, is as low as 1° C/W, 
which is significantly better than most metal case 
designs. Arc-over paths are also increased. The 
“KC” design ratings: 35 Amperes, to 1,000 PRV, 
to 400 Amp. Surge. 


For FREE SAMPLES and information, write 
Electronic Devices, Inc.,21 Gray Oaks Avenue, 
Yonkers, New York, N.Y. 10710. 
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$500 475 445 435 425 415 400 


AD ENCLOSED (1 





EDN PRODUCT MART 
PRODUCTION DEPT. 

221 Columbus Avenue 
Boston, MA 02116 


EDN PRODUCT MART appears in every issue — 24X a year! 


eS 


To advertise in Product Mart call: 


- Joanne Dorian, (212) 949-4445 or Diane Turco, (212) 949-4447 


AD TO FOLLOW ( 





OR CALL 

JOANNE DORIAN 
212-949-4445 

for more information. 
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WORLD-BEATER 
S/H AMP 


HA-5320 1.0 us Precision 
Sample-and-Hold Amplifier 


| Me  Ceyare) ih dal (omeemm (ared(ere(-t-malel(emer:) ey: Leah cele 

@ Fast acquisition time: 1.0 »s (+ 0.01%) 

@ True 12-bit accuracy 

| [relifeliel(-mel-re(-.-3¢-1e-lacels 

@ Commercial and military versions 
available now 


Contact Harris Semiconductor 
Analog Products Division, P.O. Box 
883, Melbourne, Florida 32901. 
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8086 EMULATOR. For use with the 9516 integration 
and debugging station, this unit provides transpar- 
ent emulation and supports minimum and maximum 
as well as queue operations within the 8086 
providing the user full control over breakpoint and 
trace at both input and output. It incurs minimal 
delays on user lines because it does not obstruct 
any memory, I/O or other processor resources. Key 
features include trace controls and hardware and 
software breakpoints on both bus activity (queue 
input) and instruction execution (queue output), 
externally reconstructed execution queue, and sup- 
port of request and grant lines and Hold/Hold 
Acknowledge functions. The device can mask and 
monitor all the 8086’s pins. $2895. Gould Inc, 
Millennium Instruments Div, 4600 Old Ironsides Dr, 
Santa Clara, CA 95050. Phone (408) 988-6800. 
Circle No 296 
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UPS. Producing reliable transient-free power to 
protect equipment from noisy or unreliable power- 
source malfunctions and breakdowns, this uninter- 
ruptible unit permits equipment operation despite 
glitches, spikes, brownouts or power outages. It fits 
in a 19-in. rack and requires no line conditioners or 
dedicated lines. Clean, transient-free sine-wave 
output provides 400 VA max continuously, output 
voltage is maintained within +3% and output 
frequency varies 1%. Output wave distortion is 
<5%; no single harmonic exceeds 3% of its 
fundamental. The unit’s output inverter withstands 
150% overload, is protected against overloads and 
short circuits and is rated for 400W continuous at 
unity power factor. $1360. Welco Industries Inc, 
9027 Shell Rd, Cincinnati, OH 45236. Phone (513) 
891-6600. 
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@ New, monolithic industry 
standard 
@ Faster and lower power than 
any competitive DAC/80 (1.5 xs 
V-settling; 320 mW) 
@ Current and voltage models 
@ +12V or + 15V operation 
@ Full family of commercial, 
industrial and military 
Cliilelec nec mes lace 
models 
& Competitively 
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look at the forward voltage curves’ GPD Germanium Rectifiers come in DO-4,DO-5, ————~ 
3 dliver O Ward, President of GPD and DO-8, DO-9 and DO-13 packages; telephone for _ GPD DO-8 200A Rectifier 
often known as Oliver Germanium, “you will information on prices, current ratings and thermal 7PC. INC Ise. ere 
e that we are making a line of Germanium _ resistances; not forgetting that GPD also has a 
iers which offers many advantages over catalogue full of other Germanium devices, from 
1€ most up-to-date Silicon types 125mW to 200A" - 
ncluding Schottkys. : 
~ Our DO-8 200Amp rectifier, for example, 
has a forward voltage drop of only 0.42 
Volts at 100A and 75°C, which is so much 
better than the published Schottky 
figures of around 0.5V at 175°C, let 
alone 0.63V at 25°C. 
__ ‘Inmany applications, and battery- 
operated computer-standby 
_ inverters come to mind, the ambient Powsr Recifier | 
_ temperature will of course be more 2 ae = ise 
‘Tike 50° or 55°C, and our : Power Rectifier || 
Germanium in that instance is at ‘ 
least 12% more efficient than the ? 02°03). 04°05 06 D4" 08 
best Silicon. Instantaneous Forward Voltage (Volts) | 
_ “Power supplies, where you ok : . 
want maximum efficiency and ~ Gibco 
minimum heat dissipation, — | 
provide another good example. » Forward Voltage Drop| 





— 
© 
j=) 





— 














— 
So 
S 





| _ Typical 
Forward Voltage|| 





ee) 
=) 





D 
S 








Germanium 





" Instantaneous Forward Current (Amperes) 


























Corporation 


Austria Rieger GmbH, Marxergasse 10, A-1030 Wien 3. Tel: 0222-73 46 84. TIx: 131087 rieger a/Omni Ray GmbH, Vertriebsbiiro Wien, Prinz Eugen-Strasse 36, A-1040 Wien. Tel: 0222-65 64 31. Tlx: 132712 
@ omray a. Benelux BV DIODE Laboratorium Voor Electronentechniek, Hollantlaan 22, 3526 AM Utrecht, Holland. Tel: 030-884214. TIx: 47388/Rue Picard Str. 202, 1020 Bruxelles, Belgium. Tel: 02-4285105. 
Tlx: 25903. Denmark E. V. Johanssen Elektronik A/S, Titangade 15, DK 2200 Copenhagen N. Tel: 0451-83 90 22. TIx: 16522. France Davum, Dept TMC, 11 Rue Racine, PO Box 28, 93121 La Courneuve. Tel: 836-84-01. 
q 11x: 210311F (PUBLI). West Germany Solicomp Elektronik GmbH, Mondstrasse 10, 8000 Munich 90. Tel: 089-66 10 27. Tlx: 05-22870. Ind : Kirloskar Electric Co. Ltd., Bangalore 560 055. Tel: 366771-4 (Marketing) 
35311-8 (other depts). Tlx: 0845-230 & 0845-790. Italy Syscom Elettronica Spa, Via Gran Sasso 35, 20092 Cinisello Balsamo, Milano. Tel: J2-6.189.159 and 02-6.189.251. Tlx: 330118./Eurelettronica SrL, Sede, 20145 
| Milano, Via Mascheroni 19. Tel: 049-81 851. T1x: 39102 THOMELEC. Norway Nordisk Elektronik (Norge) A/S, Mustadsvei 1, Postboks 91-Lilleaker, Oslo 2. Tel: 0752-13800. T1x: 856-16963 (AJCO NM). Portugal 
Ditram Componentes Electronica, Lda, Av. Miguel Bombarda 133, 1.D, 1000 Lisboa. Tel: 54 53 13. Republic of South Africa L’Electron (Pty) Ltd., 704 Main Pretoria Road/Hoofweg Wynberg PO Box 10544, 
Johannesberg 2000. Tel: 406 290. Tlx: 8-2333. Spain Kontron SA, Costa Brava, 13, Edificio Mirasierra, Madrid-34. Tel: 734 84 13. Tlx: 23382. Sweden Satt Electronics AB, Agency Sales Division, PO Box 32006, S-126 
11 Stockholm. Tel: 08/81 01 00. TIx: 10884. Switzerland Omni Ray AG, 8008 Zurich, Dufourstrasse 56. Tel: (01) 478200. Tlx: 53239. UK Representative Wintronics, 71 Tunnel Road, Tunbridge Wells, Kent TNI 2BX. 
Tel: 0892-44811. T1x: 957567. UK Agents Jermyn Industries, Sevenoaks, Kent. Tel: 0732-50144. T1x: 95142./Consort Electronics Ltd. ,Rosebank Parade, Reading Road, Yateley, Camberley, Surrey. Tel: 0252-871717. T1x: 858809. 


GPD Box 65, Shawsheen Village Station, Andover, Mass 01810. 
7) Telephone: (617) 475-5982. Telex: 94-7150 GPD Andr 





SCREEN EDITOR. Available for 
all versions of the UCSD 
PASCAL system, the Advanced 
System Editor (ASE) provides 
user-definable function keys 
(macros) for use on many 
hardware systems, including the 
IBM Personal Computer and 
Apple Ii. The package edits very 
large files, provides menu-based 
file selection, edits a new file 
while still within another and 
requires simplified keystroke 
sequences for the most com- 
monly used functions. Cursor- 
positioning commands permit 
such functions as moving word 
by word, moving backwards by 
One screen, moving to the 
beginning or end of a line, 
deleting by words or returning to 
the Home position. You also can 
recall search or replacement 
strings or move portions of the 
text horizontally (opening or 
closing space). Change logging 
maintains a dated log of each 
editing session. The software 
furnishes a separate configura- 
tion program that permits redef- 
inition of commands or capabili- 


ties. Object- and source-code 


versions are available. $175. 
Volition Systems, Box 1236, 
Del Mar, CA 92014. Phone (714) 
457-3865. 

Circle No 268 








COMM SOFTWARE. Designed 
for use with the manufacturer’s 


Micromodem II and the Apple Il - 


wC, the Terminal Program origi- 
nates and answers calls; cre- 
ates, lists, sends and receives 
files; and manages communica- 
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tions parameters as directed by 
commands selected from a 
menu or list of options. Compati- 
ble with three Apple operating 
systems (DOS 3.3, PASCAL and 
CP/M), it provides three file- 
transfer protocols: Stop/Start, 
Send Lines and Verification. The 
package supports six disk 
drives, several printer-interface 
cards, 40- and 80-column 
screens and lower-case charac- 
ters. It also stores three phone 
numbers and one prefix. $79 
(disk and backup disk without 
Micromodem Il); $399 with 
Micromodem II. Hayes Micro- 
computer Products Inc, 5835 
Peachtree Corners’ East, 
Norcross, GA 30092. Phone 
(404) 449-8791. 

Circle No 269 


DATA PROTECTION. Using the 
US Bureau of Standard DES 
algorithm, Datalok provides data 
protection for the Apple Il 


computer. Its hardware portion 
includes a WD2001 DES chip on 
a board configured for the Apple 
Bus; its software encrypts and 
decrypts any file created under 
Apple DOS and can also lock 
and unlock an entire disk. The 
system requires an Apple II with 
48k of RAM, one disk drive, 
Apple DOS 3.2 or 3.3 and Apple 
Soft BASIC. $349. Atlantis 
Computers, 31-14 Broadway, 
Astoria, NY 11106. Phone (212) 
728-6700. 

Circle No 270 


EPROM SIMULATOR. ESM 
interfaces with a wide variety of 
commonly used EPROM-simu- 
lating systems, including the 
Avocet PSB-100. I/O routines in 
source code allow you to modify 
or add your own EPROM- 
simulator drivers. A control block 
(used to identify the type of 
EPROM to be simulated) elimi- 
nates the need for length 
calculations and provides adapt- 





ability to future EPROMs. The 
target memory is_ referenced 
directly without address-offset 
calculations and can be one of 
several EPROMs in the target 
system. Distributed on 8-in. 
single-sided, single-density disk- 
ettes, the program runs under 
CP/M Version 2.0 or above and 
requires at least 24k of RAM. A 
HexROM utility is also included 
for hex-file conversion. $195. 
Dantek Software Inc, 4550 
Schoolhouse Rd, Batavia, OH 
45103. Phone (513) 752-1921. 
Circle No 271 


PASCAL TUTORIAL. Consist- 
ing of two sets of tutorial 
programs on diskette, SofTeach 
helps you learn to use and 
understand UCSD PASCAL. The 
first program utilizes the “re- 
vealed-choice’ technique to 
question you about various 
aspects of the UCSD PASCAL 
language; the second tests your 
ability to implement this new 
knowledge by writing procedures 
and functions. Also included is 
The UCSD PASCAL Handbook. 
$125. Soffech Microsystems, 
9494 Black Mountain Rd, San 
Diego, CA 92126. Phone (714) 
578-6105. TWX 910-335-1594. 

Circle No 272 


VISICALC CONVERTER. Capa- 
ble of converting any text file to a 
VisiCalc (DIF) file, LoadCalc 
provides a screen menu and 
commands similar to those of 
VisiCalc. Fractions are interpret- 
ed and converted to decimals; 
the software allows you to edit 
and select data for conversion by 
row and column. Each field is 
analyzed and saved as either a 
label or a value in a DIF file; no 
programming is required. $95 for 
Apple lIl+; IBM version also 
available. Cypher, 121 Second 
St, San Francisco, CA 94105. 
Phone (415) 974-5297. ; 
Circle No 273 
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FIBER-OPTIC MODEM. The 


FOM-1232, an ac-power, _all- 
aluminum-enclosed turnkey sys- 
tem, includes an asynchronous 
link that operates at any data 
rate from dc to 56,000 bps and 
meets all RS-232C interface 
requirements for Type D data- 
communications equipment. Its 
transmitter uses a microlensed 
820-nm LED emitter that cou- 
ples 20 pW into a 200-uwm-core 
step-index fiber. Its PIN-diode 
detector provides 10-nW sensi- 
tivity for a worst-case bit-error 
rate of 10°. More than 4000m 
can be traversed with either 
7-dB/km, 200-~m step-index or 
5-dB/km, 50-~m_ graded-index 
fibers. Duplex operation requires 
a duplex cable or two single- 
channel cables. The unit pro- 
vides full handshaking capabili- 
ty, and four threaded inserts on 
the bottom surface permit per- 
manent mounting. Electrical con- 
nections occur via a 25-pin D 
connector; standard optical con- 
nectors are SMA type. $200 
(100). Manage Inc, Box 175, 
Chicopee, MA 01014. Phone 
(413) 592-3834. 

Circle No 259 





HYBRID AMPLIFIERS. Housed 


in TO-8 packages, Models 501, 
502 and 503 of the GPA500 
Series are self contained and 
span a 500-MHz to 1-GHz 
bandwidth. They feature noise 
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figures of 3 dB, output power to 
100 mW and gain to 15 dB. 
Models 510, 511 and 512 of the 
GPA510 Series supply a 500- 
MHz bandwidth, noise figures to 
3.5 dB, output power to 100 mW 
and gain to 15 dB. External bias 
components are required. 
GPA500 Series units, $50.48; 
GPA510 Series devices, $25.23 
(100). TRW/Semiconductors, 
14520 Aviation Blvd, Lawndale, 
CA 90260. Phone (213) 679- 
4561. TWX 910-325-6206. 
Circle No 260 





578 sealed switches come in 
spdt and dpdt versions and 
feature a variety of epoxy-sealed 
terminal types: pc (right-angle 
mount with terminals bent at 90° 
or with 0.250-in.-long terminals) 
and wire - wrapping (1.062x 
0.250 in.). Units also provide a 
choice of contact ratings to 
accommodate standard, low and 
combination standard/low cur- 
rent levels. Gold-plated contacts 
are available for current levels of 
0.4VA max at 20V ac or dc; 
optional gold-over-silver con- 
tacts serve standard (1A at 120V 
ac/28V dc) and combination 
standard/low-level currents. 
$1.61 (1000). Delivery, 3 to 4 
wks ARO. Dialight, 203 Harri- 
son Pl, Brooklyn, NY 11237. 
Phone (212) 497-7600. 

Circle No 261 


FIBER-OPTIC SWITCH. Similar 
to an spdt electromechanical 
unit, the SW-92 specs response 
time of 3 msec and 2-dB 
attenuation. Switching current 
equals 300 mA at 24V dc. The 














device comprises two solenoids, 
a moving mirror and an optical 
coupling system. Also available 
is a packaged control circuit 
Operated by a panel-mounted 
switch. Frequency Control 
Products Inc, 61-20 Woodside 
Ave, Woodside, NY 11377. 
Phone (212) 458-5811. 

Circle No 262 





TIME-DELAY RELAYS. CW Se- 
ries units program both timing 
function and delay time using 
four toggle switches and a knob 
on top of its case: The switches 
select timing function, timing 
mode (seconds or minutes) and 
timing range; the knob sets 
delay-time value, ranging from 
0.5 to 5, 1 to 10, 5 to 50 and 10 to 
100. Standard voltages are 24, 
120 and 240V ac (50/60 Hz) and 
12, 24, 48 and 110V dc. Power 
consumption specs at <3 VA for 
ac units and <3W for dc relays. 
Tolerance ranges from 
+0/—20% min to +10/-0% 
max, but not less than +16 msec 
for ac models and +10 msec for 
dc units. Repeatability equals 
+0.5% max for dc models, and 
At is +5% for the entire series. 
The relays offer 2 Form C (dpdt) 
contacts rated for 10A at 120 or 
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240V ac or 10A at 30V dc. An 
LED indicator lights when a 
unit’s coil is energized. $80.33 
(25). Delivery, 6 to 8 wks ARO. 
Potter & Brumfield Div AMF 
Inc, 200 Richland Creek Dr, 
Princeton, IN 47671. Phone 
(812) 386-2273. 

Circle No 263 


POWER AMPLIFIERS. Operat- 
ing at 470 to 860 MHz, ATV 
5000 Series units deliver as 
much as 8W output power at the 
1-dB_ gain-compression _ point. 
They provide matched 500 input 
and operate from one 26 to 28V 
supply. The ATV 5020 version is 
an internally biased Class A unit 
with power gain of 7.5 dB min 
and delivers 25W output power 
at 1 dB gain compression. The 
ATV 5080, a Class AB part, 
specs power gain of 6 dB and 
delivers 80W at 1-dB gain 
compression. Its case tempera- 
ture can span —20 to +70°C. 
ATV 5020, $1200; ATV 5080, 
$1300. Delivery, 4 to 6 wks 
ARO. TRW/Semiconductors, 
14520 Aviation Blvd, Lawndale, 
CA 90260. Phone (213) 679- 
4561. 


Circle No 264 





LED PUSHBUTTONS. A3S Se- 
ries subminiature units feature 
easy-to-replace 4-chip LED 
lamps; standard-sized A3P Se- 
ries units incorporate multiple 
LEDs in an advanced lamp- 
circuit design integrating a 
screened-on limiting resistor. 
Both versions utilize an en- 
hanced back-projected screen 
design and provide a _ wide 

















choice of solid and bicolor 
patterns. Silver, gold-alloy and 
solid-state contact types come 
with solder or No 110 quick- 
connect combination terminals. 
$5.10 to $12.94 (1000). Omron 
Electronics Inc, Control Com- 
ponents Div, 650 Woodfield, 
Schaumburg, IL 60195. Phone 
(312) 843-7900. 

Circle No 265 


SOLID-STATE RELAY. Rated to 
YeaA and 60V ac pk, the TOC 
5002 incorporates zero-voltage 
switching and optical isolation of 
2500V ac min. Housed in a 6-pin 
DIP, it requires <2-mA turn-on 
current. OFF-state leakage is 
<500 mA. UL recognized, the 
device meets FCC and VDE RFI 
standards. $3.10 to $5.40 
(1000), depending on voltage. 
Theta J Corp, 208 W Cummings 
Park, Woburn, MA 01801. Phone 
(617) 935-7600. 

Circle No 266 





PRESS-FIT CONNECTOR. The 
D-subminiature C-Press comes 
in pin- and _  socket-board- 
mounting versions with 9, 15, 25 
or 37 positions. Constructed 
from copper alloy No 7285, its 
contacts can be selectively 
plated. The unit’s insulator is 
natural-white glass-reinforced 
thermoplastic, and operating 
temperature spans —55 to 
+105°C. The socket design 
features a closed-entry design to 
avoid misalignment when mat- 
ing. Threaded bushings (No 4-40 
and No 6-32 UNC) and a 
quick-latch system are available. 
Pin version, $3.15; socket unit, 
$3.47 (1000). Winchester Elec- 
tronics, Oakville, CT 06779. 
Phone (203) 755-5000. 

Circle No 267 
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New Products international 


5'2/62-digit full-function benchtop DMM 
incorporates talker/listener IEEE-488 bus 


Containing complete talker/ 
listener [EEE-488 interfacing, 
Model 7150 5¥2/6¥2-digit auto- 
matic-calibration DMM is de- 
signed to take advantage of 
low-cost intelligent bus control- 
lers. It performs A/D conversion 
using the pulse-width method, 
providing precision measure- 
ments to 0.01% basic accuracy. 
Short integrations (to 6 msec) 
are possible when speed is 
essential, along with longer 
times for interference rejection: 
you can choose five different 
averaging periods. 


Averaging adds a digit 
Designed for benchtop use, 
the meter furnishes a 5¥2-digit 
basic reading that extends to 6¥2 
digits via digital averaging over 


Extending scale length to 6% digits via digital averaging, Model 7150 DMM 


10 measurement cycles. Because 
updates are performed after 
each reading through use of a 
walking average, a full 6¥2-digit 
reading update occurs every 400 
msec. Bus users can shorten 
scale length to 3¥2 digits, 
however, to increase reading 
speed to about 25 readings/sec 
max (depending on the control- 
ler used); range changes vary 
from 20 to 100 msec. 
Measurements include dc 
voltage from 0.1 pV to 1000V, 
true-rms ac voltage from 10 pV 
to 750V, de and ac current from 
1 pA to 2A, resistance from 10 
mQ) to 20 MQ, and diode test at 
100 wA. Accuracy for de voltage 
specs at 0.002% for 24 hrs and 
0.01% over 2 yrs. For ac voltage, 
the corresponding figures (mid- 





incorporates full talker/listener IEEE-488 interfacing as a standard capability. 
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range) are 0.1% and 0.16%. 
Bandwidth spans 10 Hz to 300 
kHz. In normal use, the 
instrument is autoranging, but 
you can disable this feature. 

Readings appear on a full- 
sized custom LCD, backlit for 
enhanced clarity. Prompts 
above the numerals indicate 
mode of use, and a Freeze 
facility permits holding any 
reading. (In this mode, though, 
the meter continues to monitor 
input, flashing the display if an 
overload occurs.) 


/EEE-bus oriented 


Concentrating on the mea- 
surement function, the standard 
instrument contains full talker/ 
listener [IEE E-488 interfacing— 
a design philosophy that takes 
advantage of the many low-cost 
intelligent bus controllers now 
available. Independent calibra- 
tion of any range occurs over the 
bus with no need to remove 
covers; coefficients are held in 
nonvolatile EAROM. 

Because of the ADC’s lineari- 
ty, you must enter only high and 
low points, from which the 
characteristic is adjusted for 
slope and intercept. Before 
calibration, you must insert a 
jack plug into the back panel—a 
simple protection mechanism 
against accidental or unautho- 
rized changes. 

In addition to autocalibration, 
the instrument provides an 
automatic and independent null 
on resistance and de voltage and 
current. £750. Delivery, 4 to 6 
wks ARO. 

Solartron Ltd, Victoria Rd, 
Farnborough, Hants GU14 
7PW, UK. Phone _ (0252) 
544433. 

INQUIRE DIRECT 
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DEVELOPMENT MODULE. The 
PM4337 personality module 
configures its manufacturer's 
PM4300 microcomputer instruc- 
tor for 8400 single-chip-wC 
program development. Using the 
device's MAB8400Q bondout 
version as a target processor 
makes dc and ac_ behavior 
virtually identical (the only differ- 
ence is the extra capacitance of 
the pins accessed through the 
emulation cable). All I/O ports on 
the emulation probe have push/ 
pull output with pull-up, except 
for the device’s I*C bus (serial 
I/O), which has an open-drain 
output. Facilities include hard- 
ware breakpoint, single and 
automatic stepping, manual in- 
terrupt, port and data-memory 
examination and a disassem- 
bler. The unit contains an 
integral programmer for 2716- 
and 2732-type EPROMs. N V 
Philips’ Gloeilampenfab- 


rieken, Elcoma Div, Box 523, 

5600 AM, Eindhoven, The Neth- 

erlands. Phone (040) 723142. 
INQUIRE DIRECT 











10-BIT ADC. Model ZN432E 
plastic-packaged monolithic A/D 
converter features guaranteed 
conversion time of 20 wsec with 
no missing codes. Utilizing the 
successive-approximation tech- 
nique, it includes an on-chip 
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2.5V reference. Fabricated in the 
CDI bipolar process and operat- 
ing over O to 70°C, the 28-pin 
device is TTL/CMOS compatible 
and requires +5V supplies. 
£8.71 (100). Ferranti Electron- 
ics Ltd, Fields New Rd, Chad- 
derton, Oldham, Lancs OL9 
8NP, UK. Phone (061) 624- 
0515: 

INQUIRE DIRECT 
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FILM CAPACITORS. Miniature 
PHE425 polypropylene capaci- 
tors utilize ultrathin 4-4m metal- 
lized film. They come in finished 
sizes as small as 6.3 mm 
square, suiting them for high- 
density pc-board applications. 
Maximum heights are similarly 
low—11 or 13 mm—matching 
RM5 and RM6 ferrite-core re- 
quirements. Available in values 
from 1.5 to 135 nF, the devices 
come in tt: <2: Of. 25% 
tolerances, with insulation resis - 
tance better than 200,000 MQ. at 
20°C and 10V dc. Siandard 
voltage ratings equal 63, 100 
and 200V dc. Enclosed in an 
epoxy-filled self-extinguishing 
polypropylene box, the units 
have connecting leads on 0.1-in. 
centers. RIFA AB, Box 2, 
S-16300 Spanga-Stockholm, 
Sweden. Phone (08) 752 2500. 

INQUIRE DIRECT 





64k-BYTE NONVOLATILE 
RAM. A lithium battery provides 
10-yr data-retention life for the 
NVR64 64kx8 RAM module. 
Featuring 150-nsec cycle time 
and an unlimited number of 
read/write cycles, the 4x2x1-in. 
unit provides internal buffering 


that allows you to plug it directly 
onto a uP bus. Interfacing 
signals are the same as those 
used by standard static RAM; 
connection occurs via a standard 
DIN-type indirect connector 
compatible with a pc_ board, 
backplane or IDCs. £375. Deliv- 
ery, 3 to 4 wks ARO. Greenwich 
Instruments Ltd, 22 Bardsley 
Lane, Greenwich, London SE10 
ORF, UK. Phone (01) 853 0868. 

INQUIRE DIRECT 


WAVEFORM RECORDER. 
Firmware routines for rise-time, 
slope and rms analysis come 
standard in the DL1080 pro- 
grammable waveform recorder, 
reducing the need for data 
transfer to external processors. 
The firmware package adds 20 
functions and provides remote 
access to processing functions 
over an IEEE-488-bus interface. 
An automatic sequence genera- 
tor allows initiation of complete 
routines via one keystroke or bus 
command. £6895. Data Labora- 
tories Ltd, 28 Wates Way, 
Mitcham, Surrey CR4 4HR, UK. 
Phone (01) 640 5321. 

INQUIRE DIRECT 











CMOS GATE ARRAY. First in a 
family, the PCO700 contains 700 
gates and is fabricated with 
LOCMOS technology. The man- 
ufacturer claims a _ turnaround 
time of 10 wks from receipt of 
your logic circuit to shipment of 
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DESIGN/PROGRAM/TEST MORE LOGIC DEVICES. 
WITH LESS EQUIPMENT, AT FAR LOWER COST! 


DIGELEC LOGIC CENTER 





One Plug-in Module Does It All 


Digelec’s new LOGIC CENTER™ 
is the ultimate in programmable 
logic development. 

A single plug-in module — the ver 
satile LOGI-FAM™ — provides 
logic design, programming and 
testing over the entire range of 
logic devices— PAL™, FPLA, 
FPLS, FPGA and others. 


Simple DESIGN Operation 

Touch a single button on 
LOGIC CENTER’s keyboard, and 
Digelec’s convenient menu- 
driven software and high-level 
language do all the work. Enter 
Boolean equations orH&L 
tables for function definition: the 
corresponding fuse matrix 
appears instantly on the built-in 
CRT (as shown), or enter your 
own fuse matrix design with the 
on-screen cursor, and the unique 
Digelec disassembler displays 
the corresponding equation. 

All design software is resident 
in the LOGI-FAM plug-in module; 
no accessory design adapters 
needed. 





digelec.... 


U.S.A.: Digelec Inc., 7335, E. Acoma Dr. Dept. 103, Scottsdale, AZ 85260. Phone (602) 991-7268. 
Europe: Digelec Inc., Dufourstrasse 116, CH-8034, Zurich. Tel: (01) 69-38-88, Telex: 56913 DIGE CH. 


Cost-Effective, 
Space-Effective 

Digelec’s UP-803 Interactive 
PROM Programmer and LOGIC 
CENTER’s unique built-in CRT 
saves the cost and space of the 
separate display terminal re- 
quired by competitive machines. 
And a single UNI-FAM™ plug-in 
module lets you program hun- 
dreds of PROM types. 


Let us send you details about 
LOGIC CENTER’s benefits. Circle 
the reader service number, or 
contact Digelec today. 


Simple PROGRAMMING 
Operation 


A single LOGI-FAM plug-in 
module programs all logic de- 
vices: AMD, Fairchild, MMI, 
National, Signetics, and Texas 
Instruments — and the plug-in 
module is upgradeable. Because 
LOGI-FAM is totally software- 
based, it eliminates the need for 
“accessory” programming adap- 
ters required by other machines. 
All this means lower investment 
—up to 1/3 less! — when you 
buy the Digelec LOGIC CENTER. 


Simple TESTING Operation 
The standard ‘fuse verifica- 

tion” test method alone cannot 
guarantee faultless in-circuit per- 
formance. Digelec’s fully auto- 
matic LOGI-TEST™ examines the 
programmed device under actual 
operating conditions. A third, 
user-defined test method is also 
featured. Three independent 

methods mean three times the 
confidence level — a benefit your 
product surely deserves! | 
















UP 803 


INIVERSAL PROGRA 


GlGelec) 


PAL" is a trademark of MMI. 





EDN SEPTEMBER 29, 1982 


CIRCLE NO 83 203 








International 


204 


samples, thanks to network- 
description, logic-simulation, au- 
tomatic-wiring, maskmaking and 
test-pattern verification/test CAD 
tools. Depending on supply 
voltage, typical delay time (for 
fanout of two) ranges from 1.7 to 
7 nsec; toggle frequency mea- 
sures 12 to 30 MHz. Every 
device in the family will have 
pull-up/down resistors and 1/O 
pads; the PCO700 incorporates 
34 and 38 of each, respectively. 
Versions with 250, 500 and 1000 
gates will be available by the end 
of 1982. NV Philips’ Gloeil- 
ampenfabrieken, Elcoma Div, 
Box 523, 5600 AM Eindhoven, 
The Netherlands. Phone (040) 
79 1111. 

INQUIRE DIRECT 
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PHONE IC. Replacing rotary 
dialers in standard telephone 
handsets, the 18- or 24-pin 
CMOS M760 _loop-disconnect 
dialer is mask programmable to 
meet various countries’ timing 
requirements. Powered from the 
line, it connects directly to a 
single-contact keypad, generat- 
ing current-pulse streams that 
simulate mechanical dialers. 
Features include 24-digit last- 
number redial, pin-selectable 
long-distance call or redial inhibit 
and an input to block the pulse 
generator for pay-phone applica- 
tions. Keyboard inputs are fully 
static, and outputs are provided 
to mute the speech circuit during 
signaling. A 455-kHz ceramic 
resonator determines frequency. 





SGS Ates SpA, Via C Olivetti 2, 
20041 Agrate Brianza, Italy. 
Phone (039) 65551. 

INQUIRE DIRECT 














64k RAM. Pin compatible with 
industry-standard dynamic 
RAMs, Model IMS2600 provides 
an additional Nibble mode, 
allowing high-speed serial ac- 
cess of as many as four data bits 
and thus providing the equiva- 
lent of 4-way on-chip interleav- 
ing. Packaged in a _ standard 
16-pin DIP, it comes in 100- and 
120-nsec versions, using 4- 
msec/256-cycle refresh. CAS- 
before-RAS refresh provides an 
on-chip mechanism that’s up- 
wardly compatible with that of 
256k RAMs because pin 1 is left 
unconnected. Cycle times for the 
two versions equal 160 and 190 
nsec; power consumption specs 
at 220 and 360 mW (17 mW 
standby). Output can be held 
valid indefinitely by holding CAS 
LOW. 100- and 120-nsec ver- 
sions, £17.34 and £13.39 (100), 
respectively. Delivery, 6 to 8 wks 
ARO. Inmos Ltd, Whitefriars, 
Lewins Mead, Bristol BS1 2NP, 
UK. Phone (0272) 290861. 
INQUIRE DIRECT 





RF SIGNAL GENERATOR. The 
wP-controlled Model 740A cov- 
ers 100 kHz to 1120 MHz, 


derived from a crystal pilot 
driving a 10-Hz step synthesizer. 
A doubler option serves 560 to 
1120 MHz. Output level spans 
—128 to +13 dBm throughout 
the range, with attenuator preci- 








sion of +1.5 dB to —100 dBm. 
Modulation and output stages 
provide amplitude-, phase- and 
optional pulse-modulation facili- 
ties. Use of the Execute com- 
mand allows preparation and 
checking of new operating 
configurations without interrupt- 
ing a currently running program 
and also permits switching 
between configurations without 
transients. 47,000 FF. Delivery, 
4 months ARO. Giga Instru- 
mentation, 37 Avenue de la 
Marne, 92120 Montrouge, 
France. Phone (1) 657 60 26. 
INQUIRE DIRECT 


Z80 EUROCARD. Model 
IMSCPU2 processor card works 
with its manufacturer's IMS 
industrial microcomputer system 
of 100 160-mm Eurocard mod- 
ules. Operating at 4- or 2-MHz 
clock rates or from an external 
clock, it provides on-card sock- 
ets that accept 32k bytes of 
PROM, EPROM or compatible 
RAM; you can also implement a 
DMA scheme. Memory address- 
ing is selectable, and the unit 
incorporates a watchdog timer, 
one 8-bit input port and one 8-bit 
output port. Systems can be 
prototyped on the Supermodest 
development system, compris- 
ing a rack, Z80-based CPU, 32k 
of RAM, diskette controller, 
parallel and serial interfaces, 
power supply and twin 5%-in. 
floppy-disk drives operating 
under CP/M (10,000 to 15,000 
Guilders). N V Philips’ Gloei- 
lampenfabrieken, Elcoma Div, 
Bldg BA, 5600 MD, Eindhoven, 
The Netherlands. Phone (040) 
723142. 

INQUIRE DIRECT 
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| _. SYNCHRO CONVERTERS 
| FOR MICROPROCESSORS 


Synchro converters 
for wPs 
This 4-pg reprint discusses the 
interfacing of a line of hybrid 
synchro-converter ICs with 8- 
and 16-bit ~Ps. Diagrams illus- 
trate interfacing via an asynchro- 
nous bus and interface timing for 
a digital-to-synchro converter 
interfaced with a 16-bit wP. In 
addition, the article covers 
typical synchro-converter appli- 
cations. Natel Engineering Co 
Inc, 8954 Mason Ave, Chats- 
worth, CA 91311. 
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Data-acquisition facts 
Featuring Series 5000 stored- 
program PCM decommutation 
systems, this 8-pg catalog de- 
tails their P-controlled opera- 
tion and standard peripherals. It 
also examines a line of PCM bit 
synchronizers ranging from 
small plug-ins to the computer- 
controlled, tunable Model 4781. 
Finally, the booklet describes the 
5600 tape-formatting system via 
block diagrams. Data-Control 
Systems, Commerce Dr, Dan- 
bury, CT 06810. 
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Ultrasonic flaw detection 

This 10-pg booklet describes 
three configurations of M90 
Reflectoscope Series modular 
ultrasonic flaw detectors, intro- 
ducing two units: the M91 and 
M91-C. General descriptions of 
each instrument are followed by 


technical data and module 


photos. The booklet highlights 
capabilities previously unavaila- 
ble in a compact flaw detector, 
according to the manufacturer, 
and describes optional features 
such as DAG or DAC modes of 
distance/amplitude compensa- 
tion and a curve-matching com- 
puter. Automation Industries 
Inc, Sperry Products Div, Shel- 
ter Rock Rd, Danbury, CT 
06810. 
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IC-packaging options 
Showcasing a family of micro- 
computer IC-packaging sys- 
tems, this 20-pg catalog high- 
lights the line’s design features: 
Vcc and GND 1|/O, noise sup- 
pression, closely spaced ICs, 
flexible I/O layout and wire- 
wrapping pins. One section 
discusses features and applica- 
tions of Multibus-compatible 
products, and another examines 
DEC-compatible units. Dimen- 
sional drawings, photos and 
spec charts illustrate packaging 
systems, and sections on materi- 
als, finishes and accessories 
conclude the booklet. Mupac 
Corp, 10 Mupac Dr, Brockton, 
MA 02401. 
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Microelectronics: 
processes and products 
This literature packet includes 
seven data sheets, a 24-pg 
catalog and a booklet that 
summarizes the technology 
used in the company’s microcir- 
cuits. The catalog provides 
specs for a line of ROMs, 
including speech units; speech 
processors; keyboards; wCs; 
encoders; character generators; 
EEPROMs/EPROMs; and audio, 
video and tuning products. The 
pamphlet discusses photomask- 
set preparation, wafer process- 
ing and device assembly and 
terminates with a glossary of 
microelectronics terms. General 
Instrument Corp, Microelec- 
tronics Div, 600 W John St, 
Hicksville, NY 11802. 
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Regulating voltage 
Featuring 11 models of 3- 
terminal voltage regulators with 
output voltages of 5 to 24V dc, 
this 28-pg catalog provides 
electrical characteristics and 
temperature-derating curves. It 
illustrates device test circuits and 
explains how to increase output 
current or voltage using a few 
external components. Highlight- 
ed are the units’ ability to deliver 
as much as 1A at their rated 
output voltage. Panasonic In- 
dustrial Co, Electronic Compo- 
nents Div, 1 Panasonic Way, 
Secaucus, NJ 07094. 
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WIDEBAND 


hold (700 nsec acquisition time) is 
ideal. It will accurately digitize 
signals with frequencies up to 
775 kHz, a vast improvement 
over the use of any single 12 
Bit A/D converter. Its very high 
speed makes this combination 
particularly useful in digital 
Oe. Aig fe communications, digital signal 
MN5245/MN3 bs SAA. processing, and spectrum analysis. 



















12 Bit A/D-S/H 
Minimum Thruput: 500 kHz 
System Bandwidth: 775 kHz 

No Missing Codes Guaranteed 
Optional MIL-STD-883 Screening 


We offer the broadest line of 
analog-to-digital converter/sample-hold 
combinations. These highly optimized 
systems increase your ability to 
accurately sample broader bandwidth 
analog signals. From our selection 

of highly accurate systems, pick the 
perfect pair for your application: 
very-high-speed, high-speed, or 
low-cost. 


MN5240/MN3 


12 Bit A/D-S/H 

Minimum Thruput: 133 kHz 
System Bandwidth: 190 kHz 

No Missing Codes Guaranteed 
Optional MIL-STD-883 Screening 
For your highest speed requirements, 
our MN5245 900 nsec 12 Bit A/D 
combined with our MN375 sample and 


For an excellent performance/cost 
balance, combine our MNo240 5 psec 
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~ 12 Bit A/D converter with the MN346 
sample and hold (2 wsec acquisition 
time). You'll accurately capture signals 
having trequencies up to 190 kHz. This 
pair is especially suited to high-speed 
data acquisition, avionics, guidance 
and fire control systems. 






12 Bit A/D-S/H 
Minimum Thruput: 33 kHz 
System Bandwidth: 190 kHz 


No Missing Codes Guaranteed 
Optional MIL-STD-883 Screening 


And it your application is particularly 

cost-sensitive, our 25 wsec ADC80 

coupled with our new MN340 
~sample and hold (4 wsec acquisition 

time) is the perfect choice. Use it 

for process control, medical 
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instrumentation, and general purpose 
data acquisition. 


Were a veritable supermarket for 
military and industry-proven digitizing 
componenits. For industrial and 
military applications, whether 
state-of-the-art or cost-sensitive, 

you wont find a more accurate or 
efficient line of data conversion 
products. 


send for your data 
sheets on any of 
these perfect 
couples. For fast 
action or for your 
copy of our 
200-page catalog, 
call John Munn 
(617) 852-5400, or 


write to: 





Micro Networks Company 
324 Clark Street 
Worcester, MA 01606 


Micro Networks 
Advancing Data Conversion 
Technology 


lj, 7\7/ Micro Networks 


A DIVISION OF UNITRODE CORPORATION 


CIRCLE NO 85 207 








Data details 1- to 18-GHz 
mixer products 

Featuring a line of mixers, mixer 
preamps and frequency dou- 
blers, this 22-pg catalog defines 
such terms as conversion loss, 
isolation, dynamic range and 
noise figure. Schematics _illus- 
trate a discussion of such 
applications as down and up 
conversion; phase detection; 
and amplitude, pulse and bi- 
phase modulation. Specs char- 
acterize various models by 
frequency, RF-IF gain, isolation 
and flatness, and graphs plot 
typical performance factors. 
Aertech Industries, 825 Stew- 
art Dr, Sunnyvale, CA 94086. 
Circle No 304 





Selecting S-100-bus 
products 
Listing more than 450 S-100- 
bus-compatible board-level 
products from more than 65 
manufacturers, this guide covers 
23 wC-product categories, such 
as single-board computers, pe- 
ripheral controllers and video 
boards. Published semiannually, 
it includes design and perform- 
ance specs, prices, and delivery 
and availability data. For each 
product discussed, it also pro- 
vides date first manufactured 
and manufacturer's sales of- 
fices. $25, prepaid; $35, outside 
continental US. Additional cop- 
ies, $9.95 ea. Ironoak Co, 3239 
Caminito Ameca, La Jolla, CA 
92037. 

INQUIRE DIRECT 
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Designing with digital 


semicustom arrays 
Describing the advantages of I?L 
technology, this packet compris- 
ing data sheets and a 6-pg 
brochure reviews basic layout 
rules for three digital-chip types: 
the Genesis 1200, 1300 and 
1400. Charts and diagrams 
illustrate the basic |I*L gates, |/O 
interfaces and components. A 
chart of the company’s circuit 
line provides specs for seven 
linear circuits and three digital 
ones. Features of I?L technology 
discussed include high function- 
al density, ease of connection, 
bipolar-compatible processing 
and wide operating-temperature 
range. Cherry Semiconductor 
Corp, 2000 S Country Trail, East 
Greenwich, RI 02818. 
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Geometry modeling 

for advanced CAD/CAM 
This 6-pg booklet discusses the 
Euclid CAD/CAM design pack- 
age, which runs on VAX comput- 
ers. A section on applications 
outlines capabilities for drafting, 
numerical-control programming, 


kinetic analysis, drawing sche- 
matics and finite-element model- 
ing. The text also highlights the 
system's ability to work directly 
on 3-dimensional solids and 
such features as _ hidden-line 
removal, mass-property analy- 
sis, sectioning and fusing. Digi- 
tal Equipment Corp, 200 Forest 
St, Marlboro, MA 01752. 
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Testing at low 
temperatures 
Presenting techniques for prob- 
ing and testing semiconductor 
chips, wafers and hybrid circuits, 
this app note describes methods 
of preventing the frost and 
moisture condensation that nor- 
mally occur during tests at low 
temperatures. It explains how 
ThermoChuck Systems _ utilize 
temperature-controlled precision 
platforms (chucks) that can be 
used on the stage of almost any 
microprober or microscope to 
test semiconductor devices, ma- 
terials or specimens at controlled 
temperatures with an accuracy 
of +1°C and repeatability to 
+0.5°C. Temptronic Corp, 55 
Chapel St, Newton, MA 02158. 
Circle No 307 


Selecting switch products 
Detailing a line that includes 
rotary-switch assemblies and 
components, special-purpose 
switches, keypads, relays and 
solenoids, this 28-pg catalog 
discusses sizes, mounting in- 
structions, operating life, materi- 
als and performance character- 
istics. Schematics and dimen- 
sional drawings illustrate the 
products. Oak Switch Systems 
Inc, Box 517, Crystal Lake, IL 
60014. 
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NATIONAL INSTITUTE FOR HIGHER EDUCATION DUBLIN 


positions available 


ENGINEERS 
CAD/CAM and VLSI mgrs. and 
systems/logic designers. Your 
skills are in demand now. Looking 
for a change? We have openings 
from 30K-60K +. 

Search Northwest 
Engineering/ 











Nationwide Recruitment & 


Placement of Electronic 








The Institute having enrolled its first students on a number of first degree 
programmes in Autumn 1980, including a degree in Electronic Engineering 
offers degree and besten’ programmes in Science, Engineering, 
Business, Computing, Communication, Languages and Accounting. 

A major new building development for 2,000 student places in Science and 
By dhs: is en planned. In addition the Irish Government has decided 
to locate a multi-million pound National Micro-electronic Laboratory on the 
Institute's campus. Academic staff will be given the opportunity to be 
involved in these developments. 


Applications are invited for the following positions within the Faculty of 
Engineering and Design. 


Head of Electronic Engineering 
and 

Lecturersin 

Electronic Engineering 


_ Candidates should be well qualified academically and should also have 
industrial or research experience. The Governing Body of the Institute may 
award the title of Professor to an appropriate appointee. 


Salary Scale: Head: Principal Lecturer— IR£17,789 - IR£21,838 
Lecturer: Senior Lecturer - IR£13,828 - IR£18,265 
Lecturer - IR£11,865 - IR£16,561 
Assistant Lecturer - IR£9,296 - iIR£11,367 


Application forms and further details are available from: 
The Personnel Office, National Institute for Higher Education, Glasnevin, 
Dublin 9, Ireland. Closing date — Six weeks|from the date of this 
publication. 
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} PROFESSIONAL RESUME SERVIC 


1125 S. Cedar Crest 
Allentown, PA 18103 


Get results with d Complete resume preparation for 


design engineers and design managers 
in electronics. Call collect or write: 


PROFESSIONAL RESUME SERVICE 
; (215) 433-4112 


CAREER 
OPPORTUNITY 
SECTION ... 


MICROPROCESSOR DESIGN 
ENGINEERS 


$22,000-$35,000 


Your degree and 1 year + of appropriate ex- 
perience may be exactly the combination our 
client company is pressing us to find. Our 
suburban Washington, D.C. client is amedium 
sized firm with several requirements for 
Microprocessor Design Engineers who will 
be responsible for the design, development 
an prototype production of microprocessor 
driven instrumentation and controls for cus- 
tom applications for both Military and Com- 
mercial systems. Salaries, benefits and 
growth potential are excellent. If you want a 


Reserve 
Your 
space 
Today! 


challenge and have the microprocessor 
background send your resume or call: 


(800) 336-3755 


In Virginia call collect: 
(703) 790-1284 


STAFFING CONSULTANTS 
8027 Leesburg Pike 
Vienna, Va. 22180 


ALL FEES PAID BY 
CLIENT COMPANIES 


CALE 


LINDA L. SORBO 
at 203-964-0664 

















: 
é 
, 
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Technical Group Engineers 
620 SW 5th, Suite 625 
Portland, Oregon 97204 $25,000-$65,000 


Ph: Keith Nyman (503) 222-6461 


© Digital/Analog Design 
ALL FEES EMPLOYER PAID 


| 
| 
| 
| 
| 
| 
| 
| © Radar - Laser Systems 
| ° CAD - CAM - Robotics 
S.W. & SUNBELT e Photo-Electro-Optical 
- Circuits - Micro | 
- Systems . Software | 
- Product - Hardware 
- CAD . Optics | 
| 
| 
| 
| 
| 
| 
| 


$25,000 to $50,000 
Specialists placing EE’s/ME's in data 
acquisition, peripheral and instrument 
development companies across the Sun- 
belt. 100% Company Fee Paid. Send 


e Software/ Hardware 
e Microprocessor 


e Reliability - Q.A. - Test 
All Fees Employer Paid 


resume, geographic preference, salary 
and salary requirements to: 


mum |. robert thompson 


Parnes 
0 Box 4387 G.S. 
Springfield, MO 65808 
417/883-1212 


| affiliate offices nationwide 


HB compares, inc. 
Electronics Placement Specialists 
2200 West Loop South, Suite 800, 
Dept. D. Houston, TX 77027 
(713) 627-1940 


I FeldcelarelMmiuiergels(=1e1 (gel alors 
Facility — Semiconductor 
er: le)acer-licela 


The Government of Ireland has identified Microelectronics 
as a Strategically important technology for development within 
the country. As one of anumber of initiatives it has assigned 
substantial resources to the establishment of a 
microelectronics semiconductor fabrication training and 
applications centre at the National Institute for Higher 
Education, Dublin. 

A custom designed building and modern semiconductor 
fabrication, assembly and test facilities will be provided. 


A dynamic Director with wide experience in the 
semiconductor fabrication field coupled with proven 
management ability is now being sought. The person 
appointed will be responsible for progressing the design and 
construction of the building and the specification of initial 
equipment for this project; and subsequently for directing the 
operations of the Centre. 

The Centre will have a strong industrial orientation and will 
be closely associated with the National Institute for Higher 
Education and other third level colleges in Ireland. 

Anattractive salary, commensurate with experience, will be 
offered for this challenging post. 

It is intended to make an early appointment and interested 
applicants should enclose a Curriculum Vitae when sending for 
further information to: 


National Microelectronics Facility, 
C/o. National Institute for Higher Education, 
Glasnevin, Dublin 9, ireland. 


The closing date for receipt of Curricula Vitae is four weeks 
from the date of this publication. 
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e Antenna Design/ Development 


Call or send resume in profes- 
sional confidence to Richard L. 
Gafner, CPC Division Manager 


Love & Associates 





\ 
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Send Box No. replies to: 999 Summer St., P.O. Box 3809, Stamford, CT 06905 





209 





THE MICROPROCESSING ENGINEER AT BECKMAN. 


Your skills could provide pre- 
cise scientific calculations. 

Your talents might utilize preci- 
sion electronic answers. 

Your work may result in 
unique medical innovations. 

Prepare to take yourself beyond 
all expectations as a Beckman 
Microprocessing Engineer. 

This is Beckman Instruments. 
46 years of innovations and dis- 
coveries of precision analytical 
instruments and products for 
science, medicine and industry. 


210 


Those who bring their techno- 
logical resources to Beckman 
cross over into a scientific adven- 
ture that spans our world and 
beyond. 

Today, more than ever, Beckman 
finds itself against the threshold 
of future technology. And we’re 
looking for Microprocessing Engi- 
neers to be involved and respon- 
sible for systems development, 
integration and microcomputer 
applications of microprocessor 
hardware and software to bio- 


medical, industrial and clinical 
instrumentation. 

A BS (or equivalent) plus 
experience using Assembly or 
Pascal on 8080 and Z8000 pro- 
cessors is required. 

We invite you to send 
your resume to: 

Beckman Instruments, Inc. 
Employee Relations Department 
2500 N. Harbor Blvd. 
Fullerton, CA 92634. 


An Affirmative Action Employer 





BECKMAN PEOPLE. IMPROVING THE WAY WE LIVE. 


THE 
BECKMAN 
ENGINEER. 











BECKMAN 
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CAREER OPPORTUNITIES 








LOOK AT OUR PAST.. 





IMAGINE THE FUTURE! 


Tah (s)merast-hccrom aal-mci-lere) are mi arelo}-jear-lne-a2e) en celamia The iTPS, Intel’s Transaction Processing System 
shclotomy apaam carsmiandqeye|0le1dce)ame)m mre) pence) ire) w',-16 mel (0}-1-1)7 faa¥=1,4=som oLeystc1] o) (=i aed k= (e1 sand (=) 06) oe | a-(el-me) mort er-Celh (ot 
in 1971 by the first microprocessor, Intel's 4004. lavom el=1aie)aaat-lalercmmiclsY-ar- 1 ise o) ele) e]alar-lelelen aralc-1 ms 


In 1975, the ICE™-80 allowed Intel to speed product Be ee ea abe d (ele one cra base 


fel-ttlelanonvmel-lelele loll alomsteniaye-lachlamevolallelarcitlelam aica engine, iDBP, effectively bridging the office 
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telecommunications was enhanced in 1978 by without supstantialinvestneOr. 


Tah <=] Msc MO @xoxe(-orm--}falel(smerall emi @romel-aulel-mcar-n The future? It will be determined by the men and 
fore) ah e-tialsvom oxo)amr-var-iielem-taremellelie-lmeliaere niece women V2atom Celiamiai<clmiamexelahdialeaialem Com —pdex-lalemaal= 
1980 ushered in Intel’s 2816 E2PROM. the first limits of hardware and software technology. We 


invite you to help us take the next step. For 
complete career details send your resume or call 
1d ato hah d=) mLoler-tdelamelm’zelel meiale) (oe 


(ol=Jar=ya-hecelame)male)aba’celr-tdli-maal-1ele) al osm ear-8mere)e)] (0m elas 
electrically erased and reprogrammed. The 
introduction of Intel’s iAPX 432 Micromainframe ™ 
system breaks with traditional computer 


architecture and dramatically cuts software costs. An equal opportunity employer M/F/H. 

PN at VAO) NAVAN) =A'A 1 =.@ 1 O1@) OREGON O7.Ne le Olsinira TEXAS 

(@jayeKel are) al=) ©) al-1a0 Wm BI -) 0) omc to| OP Amma 1). ¢-m Cel d= Lyn Boone Pat Brewer 

2402 W. Beardsley Road 5200 N.E. Elam Young Parkway 2565 Walsh Avenue at OF 310) @chclole) 
Phoenix, AZ 85027 Hillsboro, OR 97123 Santa Clara. CA 95051 Austin, TX 78766 
ol04tslolsbr-c-scle, fol 0) Molo M Ere) 0 Cle (408) 987-6495 (512) 258-5171 


FIELD SALES/SERVICE 

(orviac=\ahece) ol-lallatefsw-laremieidela-mel conn acame) e) eloladelalid(-1-w-07-11t-lel(-Miamel((-1-m-(e]ge}-t- mal Ome mace] @er- Uso 
PNoje)ifer-birolaycy laren Oe lsice)anl=]au =4are || al-1=14-0m Oxolal ¢-(o4@lar-b en fe) oleres-3 (0) em alo) Oze]4 ole) e- 1 dle lar Field Sales & Service 
Employment 2565 Walsh Ave., Santa Clara, CA 95051. (408) 987-6339. 
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‘Stamford, ct 06905 


CALL: 203-964-0664 ask for Linda a ‘Sorbo : 


(Please type, or print) 























if available please attach resume 


GENERAL INFORMATION 

Last Name First Middle Initial 
Home Address (Street, City, State, Zip) 
Home Phone (Area Code) Other (Area Code) 
Foreign Language 
A a eae 
Please Check One: 
UL Ginigen = Permanent Resident 

EDUCATION INFORMATION 
School Location Year Graduated Degree Major 
School Location Year Graudated Degree Major 


EMPLOYMENT INFORMATION 


Name & Address of Present Employer Yrs Employed 


Position (Please give a brief description of your work) 


Are you willing to relocate? 
If so, what are your geographical preferences? 


Please indicate salary requirements 


*Please Sign Here 


Date 


9-29 
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Looking Ahead: Trends and Forecasts 


Videotex technology 
gains momentum 


Recent developments in US and 
European videotex markets will 
have major repercussions on the 
fledgling industry and illustrate 
the technology’s growing viabil- 
ity. In the most significant of 
these, IBM will enter the US 
videotex arena with a private 
corporate system for sending 
and receiving text and graphics. 
The firm’s Series/1 Videotex 
System (SVS/1), first intro- 
duced in Europe, has a 1-time 
license fee of $10,000 and can 
respond to 24 concurrent video- 
tex calls, store as many as 
350,000 frames of information 
and handle internal mail, budg- 
ets, sales and merchandising 
data, travel schedules, and 
bulletin-board services. 

Requiring a minimum $56,000 
to $200,000 expenditure for 
software and hardware, the 
Series/1-computer-based sys- 
tem will use standard phone 
lines to connect IBM Personal 
Computers, specially adapted 
TV monitors or low-cost video- 
tex terminals. Utilizing a stan- 
dard similar to that of the 
British Prestel system, it will be 
incompatible with AT&T's an- 
nounced videotex standards 
(based on the Canadian Telidon 
system). 

In other developments: 

e Joining with NBC and 
CBS, RCA has adopted the 
North American Broadcast 
Teletext Specification (NABTS) 
for its proposed home-TV tele- 
text service. The initial system 
will use dynamically redefined 
character sets and picture- 
description instructions (PDIs) 
to provide quality graphics. 

e Credit Commercial de 
France, a major French bank, 
has installed a Teletel-based 
videotex system connecting its 
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major corporate accounts with 
branch offices. The 24-hr Video- 
banque service utilizes Matra or 
TRT Minitel terminals similar to 
those employed in the French 
electronic Yellow Pages service 
and provides on-line access to 
statements and balances as well 
as electronic mail, check tracing, 
economic analysis, exchange 
rates and stock-exchange data. 
Nationwide access to the system 
will be available via local phone 
calls, distributed gateways and 
the Transpac X.25 national 
packet-switching net. 

e fris, a bilingual Telidon- 
based Canadian videotex sys- 
tem, will begin a 3-yr test 
starting this month in Montreal, 
Toronto and Calgary. 

@ Sony Corp will enter the 
videotex market, producing 
RGB monitors, decoders, key- 
boards and black-and-white and 
color printers that are compati- 
ble with various systems. 


Data-converter market 
to grow to $1.2B in ’86 


The data-converter market is 
slated for massive expansion. 
Fueled by the pervasive shift 
toward digital techniques in all 
segments of electronic instru- 
mentation, the market for A/D 
and D/A converters, S/H ampli- 
fiers and analog multiplexers 
will jump to $1.2 billion in 1986, 
rising at a 33% average annual 
rate from 1982’s expected $377 
million level, predicts Venture 
Development Corp (VDC), 
Wellesley, MA. | 

Nowhere is the trend toward 
digital techniques more appar- 
ent than in industrial measure- 
ment and control, as wP-based 
controllers rapidly supplant ana- 
log units, particularly in tem- 
perature-measurement applica- 


tions. Other key digital 

application areas include robots, 

CAD/CAM systems and ATE. 
Although the military market 


will exhibit somewhat less. 


dramatic growth, VDC also 
foresees increased converter 


A/D- AND D/A-CONVERTER, 
S/H-AMPLIFIER AND ANALOG- 
MULTIPLEXER SHIPMENTS 


($ MILLION) 
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usage in radar, navigation and 
communications applications. 
Furthermore, medical applica- 
tions, such as automatic blood 
analysis and digital imaging, 
will continue to be significantly 
large users of digital techniques. 
Consumer markets, however, 
could ultimately constitute the 
largest application area for A/D 
and D/A converters, VDC says. 
It forecasts heavy usage in 
appliances, games, environmen- 
tal and energy control and 
perhaps digital photography. 


Material for this page developed 
from Electronic Business magazine 
and other sources by Jesse Victor, 
Senior Staff Editor, and Joan 
Morrow, Assistant Editor. 





EDN SEPTEMBER 29, 1982 







Tadiran ™ lithium inorganic battery.. 
At the heart of the matter... 
...your CMOS-based equipment 
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Define Logic 


Now its easy to use program- 
mable logic. Data I/O's new Pro- 
grammable Logic Development 
System (PLDS) gives you start to 
finish logic capabilities for PALs,© 
FPLAs, FPLSs and other devices 
from most manufacturers. 

With Data I/O's PLDS, you 
simply define the capabilities you 
want your logic device to have, 
using Boolean equations or 
truth tables, and enter them into 
the system from a terminal. The 
PLDS software, which will support 
all currently available logic devices, 
translates your functions into 
programming data. 


DESIGN ADAPTER oS Se 





Here’s the only hardware 

you need... 
Data I/O programmer 
mainframe 
Plug-in LogicPak 
containing programming | 
and testing hardware 
for all devices 
Design Adapter 
containing development © 
software 
Programming/Testing 
Adapter for device 
family 


®PAL is a registered trademark of Monolithic M 


™ Logic Fingerprint is a trademark of Data I/O Corporati 


Data |/O Corporation, 10525 Willows Road N.E. C-46, Redmond, Washington 98052. For immediate action, contact us 
directly. CALL TOLL FREE: 800-426-1045. In Washington, Alaska and Hawaii, call 206-881-6445. Europe: 
Vondelstraat 50-52, 1054 GE Amsterdam, The Netherlands, Tele: (20) 186855. Japan: Sankei Building 1-8, 
Sarugaku-cho, 2-Chome, Chiyoda-Ku Tokyo 101, Japan, Tel: (03) 295-2656. 


Circle No. 214 for Literature 


—Data I/O Simplifies Programmable Logic 


DATA /0'S NEW PLDS, FOR | 
ALL LOGIC DEVICES, LETS YOU: 





Program Logic 

With the Data I/O PLDS, you 
Can program more than 60 
devices with just one piece of 
programming hardware. Program 
devices from AMD, Harris, MMI, 
National, Signetics, and Texas 
Instruments. 

Software selectability makes 
the Data I/O PLDS easy to use. To 
begin programming, simply enter 
a two-digit family code and a 
two-digit pinout code to identify the 
device. It's that easy. 

That same software selecta- 
bility gives you complete flex- 
ibility for second sourcing. The 
system can program today's logic 

devices as well as devices 
Currently in development. 








Test Logic 


In the past, logic device testing 
often consisted only of verifying that 
the fuses were blown. But testing 
for correctly blown fuses Is not 
enough. 

To ensure that each device 
operates under actual conditions, 
Data I/O has developed the Logic 
Fingerprint™ Everytime a device is 
programmed, the PLDS creates a 
fingerprint of the device and 
compares it to the fingerprint of a 
known-good device. The testing 
process takes less than three 
seconds and requires no additional 
hardware or software development. 

Theres a lot more to learn 
about our new PLDS. For all the 
facts, circle the reader service 
number or contact Data I/O. 


Another innovation from Data I/O, 
your productivity partner. 
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